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TRANSGENIC ANIMALS HARBORING APP ALLELE ' 
HAVING SWEDISH MUTATION 



TECHNICAL F?ELD 

The invention provides transgenic non-human animals and 
transgenic non-human mammalian cells harboring a transgene 
encoding an amyloid precursor protein (APP) comprising the 
-Swedish mutation ' (iysine S95 -methionine 596 mutated to 
asparagine 595 -leucine 596 ) ; the invention also provides non-human 
animals and ceils comprising a transgene encoding an APP 
comprising the Swedish mutation and further comprising 
functionally disrupted endogenous APP gene loci, transgenes and 
targeting constructs used to produce such transgenic cells and 
animals, transgenes encoding human Swedish mutation APP 
polypeptide sequences, and methods for using the transgenic 
animals in pharmaceutical screening and as commercial research 
animals for modeling neurodegenerative diseases (e.g., 
Alzheimer's disease) and APP biochemistry In vivo * 

BACKGROUND OF THE ^INVENTION 7 ' ™ : 1 * ^ ^ . --r. v, 

Alzheimer • s disease "(AD)* "is" a progressive' disease known 
generally as senile dementii." Broadly speaking the disease falls 
into two categories, namely late' onset and early onset. Late 
onset, which occurs m old age (65 + years) , may be caused by the 
natural atrophy of the brain 6ccurring~at a "faster * rate and to 
a "more severe^degfee than ""normal '. 'Ear ^iy "onset V AD is much more 
infrequent but shows a "pathologically identical dementia 'with 
brain atrophy which develops well before the senile period, i.e. , 
between the ages of 35 and 60 years. ^ ^ " 
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Alzheimer's disease is characterized by tjie presence 
of numerous amyloid plaques and neurofibrillary tangles (highly 
insoluble protein aggregates) present in the brains of AD 
patients, particularly in those regions involved with memory and 
5 cognition. While in the past there was significant scientific 
debate over whether the plaques and tangles are a cause or are 
merely the result of AD, recent discoveries indicate that amyloid 
plaque is a causative precursor or factor. In particular, it has 
been discovered that the production of jS-amyloid peptide, a major 
10 constituent of the amyloid plaque, can result from mutations in 
the gene encoding amyloid precursor protein, a protein which when 
normally processed will not produce the 0-amyloid $ep1?Ide. It 
is. presently believed that a normal (non-pathogenic) processing 
^of the Sramyloid precursor protein occurs via cleavage by a 
15 putat ive 11 a-secretase w which . cleaves . between amino acids 16^ and 
; 17 of,; the protein.. It is further believed that pathogenic 
processing occurs via a putative n jS-secretase M at ; the amino- 
s terminus of the ^amyloid peptide within the precursor protein. 
Moreover, /3-amylpid peptide appears to be toxic to brain neurons, 
20 said neuronal cell death is associated with the disease. 

: /Sramyloid peptide (also referred to^ as A4 0AP , A0 , or 
A0P; see, U.S. Patent No. 4,666,829 and Glenner and. Wong (1984) 
. , . Biochem. Biophvs. Res. Commun. 120 ; 1131) is derived from 0= 
amyloid , .precursor protein ( jffAPP ) , t which is express ed in 
25 differently spliced forms; ? pf , 695, 751, and 770 amino acids,. See, 
Kang et al.. ( 19 871 Nature - 325 ; 773; Ponte et al . ( 198 8 ) Nature 
331 ; 525; and Kitaguchi et al. (1988) Nature 331 ; 530. Normal 
processing of amyloid precursor ^protein involves ^ proteolytic 
cleavage at, a site between residues Lys" and Leu 17 ' (as^ numbered 
30 for the -^^^r^aipn ^yAmc^Asp 5 ^ is .residue i in Kang et al. 
(19^87) ), supra, near the transmembrane domain, resulting in the 

constitutive secretion of an extracellular domain which retains 

K ,i*:.^>v * k*x?- *t.l;? r,J .idJuAV? 

^^P^P^f^M;^ ifrJS^A* P?P^% ^e^oe r || sch et 

35 widely^ conserved . among species and present in many cell types. 
,See,_,Weidemann et ,al. H (1989) Cell 57; 115-126 and Oltersdorf et 
al. (1990) J. Biol. Chem. 265;4492-4497. This normal pathway 



f 
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cleaves within the region of the precursor , protein which 
corresponds to the 0-amyloid peptide, thus apparently precluding 
its formation. Another const itutively secreted form of 0APP has 
been noted (Robakis et al. Soc. Neurosci. October 26, 1993, 
5 Abstract No. 15.4, Anaheim, CA.) which contains more of the /SAP 
sequence carboxy terminal to that form described by Esch et al. 
supra. 

Golde et al. (1992) Science 255:728-730, prepared a 
series of deletion mutants of amyloid precursor protein and 
10 observed a single cleavage site within the jS-amyloid peptide 
region. Based on this observation, it was postulated that fl- 
amy loid peptide formation does not involve a secretory pathway. 
Estus et al. (1992) Science 255:726-728, teaches that the two 
' largest carboxy terminal proteolytic fragments of amyloid 
■ 15 precursor protein found in brain cells contain the" entire 0- 
? amyloid peptide region. " ■. \ ■ ,,c„a 

" : Recent reports show that soluble^ j8-amyloid peptide is 
c " 4 produced by hlaithy ceils into cxriture* media (Haass et : arr (1992) 
' Mature 359:322-325) and in human and animal CSF (Seubert et al. 
20 r (1992) ° Nature 359:325-327) . Palidert et al; (1989) Biochm. 
Biophys . Res . Comm.' 165 : 182-188 , describes' three ' possible 
cleavage mechanisms for 0APP and presents evidence that /SAPP 
cleavage Sdoes hbt* occur at methionine 596 in the { production of 
.j:, '^gQ^^jjj^^ (dkri^vatives* of /SAPP. U.S. Patent No. 5/200,339, 
25 discusses p the exist ence* of certain proteolytic" factor (s) which 
are putatively capable of cleaving jSAPP at a site near 'the 0APP 
' atoirio-tOT " " v " J ~ ~~ ' ^ jL '- :r 

^-., a „. -fa Jcnown to be located ^riHti^ 

21. A locus segregating with familial Alzheimer's disease has 
fc 56 been tapped %o ciifrbifib^^ (19 r 87) 
Science 23 5 : 885V close c to th£ APP gene. Recdmbiitants ^between 
* tfie x: APP 0 gerie "andT { *the AD r locus " Have- been previously— reported 

"(Schelleriberg" et air- ( 1988V - Science 241 : lSOT-^'Schellenberg et 

^aiV'- (i4$i\ ' 7m. ^ia. "''Genetics 0 48; 563 ; J Schei-lenbefg' et al. 
-35 (1991) Ami" J/ HumY 0> Gene't'ics ' %4'9 sii^^nfeoi^oratetf^erein 0 by 
* " reference). " - — - -i- - . 

A ° *"'" ' "The identification of mutations * -in 1 the 4 amyloid 
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precursor protein gene which cause familial, early onset 
Alzheimer's disease is evidence that amyloid metabolism is the 
central event in the pathogenic process underlying the disease. 
Four reported disease-causing mutations include with respect to 
5 the 770 isoform, valine 717 to isoleucine (Goate et al. (1991) 
Nature 349 ; 704) , valine 717 to glycine (Chartier Harlan et al. 
(1991) Nature 353: 844), valine 717 to phenylalanine (Murrell et 
al. (1991) Science 254 ; 97) and with respect to the 695 isoform, 
a double mutation changing lysine 595 -methionine 596 to 
10 asparagine 59 ^leucine 59 6 (Mullan et al. (1992) Nature Genet jl: 
345; Citron et al. (1992) Nature 360 : 672) referred to as the 
Swedish mutation. APP alleles which are positively^ correlated 
with AD are termed "disease-associated alleles^. _ 

The development of experimental, models of Alzheimer's 
15 disease that can be used to define further the ^^derlying 
biochemical events involved in AD pathogenesis ^would b^highly 
a desirable. - Such models could presumably be employed, in one 
application,; to screen for; agents /that .alter the ^degenerative 
course ^of Alzheimer's disease. For example, a model system of 
20 Alzheimer's disease could be used to screen for environmental 
factors that induce or accelerate the pathogenesis of AD. In 
contradistinction, an experimental model could be used to screen 
for;, agents that inhibit, prevent , or reverse the progression of" 
, AD.; .Presumably , such models could Jbe ... employed to { ^develop 
25 , pharmaceuticals that . are effective in preventing , arresting , or 

Unfortunately, only humans and aged non-human primates 
^develop ^ any of. the pathological .features ^of, AD: the expense and 
r , : ^f f iculty i; o^jwing primates. ; aji<| the .length. p~f„ time required for 

JO v deyeloping, ^the & ADt.j»to research^ on sjich 

,- - . . animals f prohibit ive,. -.Rodents «do not., develop , AD , even r at an 
> ^extreme r age . a It.-has , been . reported ,,that, ..the ^ inj ection^ of B- 
v.^ty«u»yipi!d ,#rp&ein .^^) iV p^c^oto>cic /SAP fragpients , infco^rodent 
•< f b£ain>^ an antigenic ^ marker for 

i5 ^neuro^ components 0 (Kowall et al. (1991); Proc. 

Natl. Acad. Sci. fU.S.A.) 88 : 7247). Mice which carry an. extra 
copy.of the AJP-gene as a result of partial trisomy of chromosome 
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16 die before birth (Coyle et al. (1988) Trends in Neurosci . ii: 
390) . Since the cloning of the APP gene, there have been several 
attempts to produce a mouse model for AD using transgenes that 
include all or part of the APP gene, unfortunately much of the 
5 work remains unpublished since the mice were nonviable or failed 
to show AD-like pathology. At least two published reports were 
retracted because of irregularities in reported results (Marx J 
Science 255 ; 1200; Wirak et al. (1991) Science 253 : 323; Kawabata 
et al. (1991) Nature 354 : 476; Kawabata et al. Nature 356 : 23; 

10 Quon et al. (1991) Nature 352 : 239; Marx Science 259 : 457). 

Thus, there is a need in the art for transgenic 
nonhuman animals harboring an intact disease-associated APP gene, 
either a human disease-associated allele such as a polynucleotide 
encoding" a human APP protein comprising the Swedish mutation, or 

15 a complete genomic copy (or minigene) of the Swedish mutation APP 
gene. 

Alternatively, a mutated rodent (e.g., murine) allele 
which comprises sequence modifications which correspond to a 
human APP sequence comprising the Swedish mutation can be 

20 substituted. Cell strains and cell lines (e.g., astroglial 
cells) derived from such transgenic animals would also find wide 
application in the art as experimental models for developing AD 
therapeutics and as a convenient source of APP protein comprising 
the Swedish mutation I Moreover, transgenic non-human animals 

25 comprising a txansgene encoding a Swedish mutation APP protein 
and lacking functional endogenous APP genie loci (i.e. having an 

APP ~ "knockout" background) would be a convenient ' source of 

' - ■z£\.\xx.r ; . v . .* 1 o ~rr* r>- • ■•■ - - r «■ - ^ v - 

Swedish mutation APP protein in a backgound" lacking ^other APP 

. o..,u.t,z r;. f\: r ■ -*■**■ . - . 

proteins that do not comprise the Swedish mutationV 

30 Based on Ithe f oregoing, it ; is cleai:"€hat a" need exists 

f of nonhuman cells and ^no^umah animals harboring one or more 
transgenes encoding arPAPP gene comprising the ' Swedish mutation. 
Thus, it is an object of the' invention herein^ to provide methods 
and compositions for transferring transgenes . and' homologous 

35 recombination constructs into mammalian cells, especially into 
embryonic stem cells. *"lt is alsb an object of the invention to 
provide transgenic nonhuman cells and transgenic nonhuman animals 
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harboring one or more Swedish mutation APP transgenes of the 
invention. Of further interest to the present invention are the 
application of such transgenic animals as in vivo systems for 
screening candidate drugs for the ability to inhibit or prevent 
5 the production of pathogenic j3-amyloid plague. It would be 
desirable to provide methods and systems for screening test 
compounds for the ability to inhibit or prevent the * conversion 
of amyloid precursor protein to pathogenic 0-amyloid peptide. 
In particular, it would be desirable to base such methods and 

10 systems on metabolic pathways which have been found to be 
involved in such conversion, where the test compound would be 
able to interrupt or interfere with the metabolic pathway which 
leads to conversion. ; Such methods and transgenic animals should 
provide rapid, economical, and suitable for screening large 

15 numbers of test compounds . 

The references discussed herein are provided solely for 
tjieir disclosure prior; to the filing date of the present 
application. Nothing herein is to be construed as an admission 
that the inventors are not entitled to antedate such disclosxir e 

20 by virtue of prior invention. 

SUMMARY OF THE INVENTION 

.. In accordance with the foregoing objects, in one aspect. 
, of the invention are provided nonhuman animals harboring at least 
, 25 . one copy of a transgene conmprising a polyncieotide seguence 
;yhich encodes a . heterologous APP polypeptide comprising the 
r Swedish mutation (asparagine 595 -leucine 596 ) operabiy linked to a 
^transcription regulatory seguence capable of producing expression 
of the heterologous APP polypeptide in the transgenic nonhuman 
. 30, animal . - .Said heterologous APP polypeptide comprising toe Swedish 
, mutation generally. is^ expressed in cells which normally express 
, toe r natural^ endogenous .APP' gene (if present). 

. Typically, ^.the_nonhuman animal is a mouse and the heterologous 
fc , , . . APP gene is a human , Swedisch mutation APP gene. Such transgenes 
35 typically comprise a Swedish mutation APP expression cassette, 
t wherein,. -linked promoter and, ^preferably, an enhancer drive 
expression of structural s.eguences encoding a heterologous APP 
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polypeptide comprising the Swedish mutation. 

The invention also provides transgenes comprising a 
gene encoding a Swedish mutation APP, said gene operably linked 
to a transcription regulatory sequence functional in the host 
5 transgenic animal (e.g., a neural-specific promoter). Such 
transgenes are typically integrated into a host chromosomal 
location by nonhomologous integration. The transgenes may 
further comprise a selectable marker, such as a neo or gpt gene 
operably linked to a constitutive promoter, such as a 
10 phosphoglycerate kinase (pgk) promoter or HSV tk gene promoter 
linked to an enhancer (e.g., SV40 enhancer). 

The invention further provides nonhuman transgenic 
animals, typically nonhuman mammals such as mice, which harbor 
at least one copy of a transgene or targeting construct of the 
15 invention^ Either homologously or hohhombldgously integrated into 
an endogenous chromosomal location -so"- v as -to • encode a Swedish 
mutation APP polypeptide. Such transgenic animals are usually 
produced by introducing the transgene or targeting construct into 
a fertilized egg or embryonic stem (ES) dell, typically by 
20 microinjection, electropor at ion, lipofection, or biolistics. The 
transgenic animals express the Swedish mutation APP gene of the 
transgene (or homologous ly recombined targeting construct) , 
typically in brain tissue. Such animals are suitable for use in 
a variety of disease model and drug screening uses, as well as 
-> 25 other applications. 

^ J 'The' invention also provides nonhuman animals and cells 
which harbor at least one integrated targeting construct that 
functionally disrupts an endogenous APP gene locus, typically by 
tS " ' Xl deleting* dr^mutatihg a genetic eieSient' (e.gj ; , exon sequence, 
^ * 30 splicing ^sl^^i^' promotBr, x erAaricer) that is required -for 
efficient ^ functional expression of a complete gene product. 

"'^he* invention also 4 prbvides transgenic nonhuman 
i animals, 1 J such * as l a hori-primate mammal", tJxat^bave at least one 
35 inactivated endogeiious APP allele, -and preferably are homozygous 
for inactivated* APP alleles, and whifch are substantially 
incapable of "directing the efficient expression of endogenous 
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(i.e., wildtype) APP. For example, in a preferred embodiment, 
a transgenic mouse is homozygous for inactivated endogenous APP 
alleles and is substantially incapable of producing murine APP 
encoded by a endogenous (i.e., naturally-occurring) APP gene, 
5 Such a transgenic mouse, having inactivated endogenous APP genes 
is a preferred host recipient for a transgene encoding a 
heterologous APP polypeptide, preferably a human Swedish mutation 
APP polypeptide* For example, human APP comprising the Swedish 
mutation may be encoded and expressed from a heterologous 

10 transgene (s) in such transgenic mice.. Such heterologous 
transgenes may be integrated in a nonhomologous location in a 
chromosome of the nonhuman animal, or may be integrated by 
homologous recombination or gene conversion into a nonhuman APP 
gene locus , r ^thereby effecting simultaneous knockputV of the ~ 

15 endogenous APP gene ( or segment thereof ) and replacement with the 

* human APP gene <or, segment thereof ) . 

BRIEF DESCRIPTION OF THE FIGURES ~ * ^ " 4 

20 Pig.,1, panels A and B are plasmid maps of pNSEAPPswA3 • 

and pNSEAPPsw, respectively, yhich are used to produce transgenic 
mice as described herein. 

i: , |ig. J 4s, a Western , b l?t of soluble fractions of 
.transgenic and control animal brains probed for the presence of 
25 secreted 0APP fragments reactive with tie Swedish antibody. 
; k&P? Jf;*^°^5Si^" : -W e iff^t; v Mirkers; lane 2 : '^nbnr^Msgwic line; 
lane .3 : transgenic /line. 

^o::^ Fig. ? 3 ,: ;r panels ~. A Sl a_nd ^ are^W|stera' bl^ ',cf" brain' 
•o 30 , h 9»??enates from tr^ns^nic 

v ^P^t^pf : 6C6 £ antibody-rf active ^ 

8E5 (panel A) and Swedish 192 antibody (panel B) /^^""^" ^ 

nat.rjv?^' \\Jsiep&£$9j \^x^fs^ n A^Jinobla specificity 

•ijoll f f ??ffa ^Ra^fn , agarose . -Lanes .2, 4, 6 . contain -material 
■ ,i -J.-.., e i¥ted f 5°™ the: ..^i^ resin., Lanes and. 2 .were probed with 
-,-v .so -^i^y-. 8B57, Ljanes . ,3, .and 4 were probed" "yi£h "the Swedish 192 
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antibody; Lanes 5 and 6 were probed with antibody 6C6- 
Definitions 

Unless defined otherwise, all technical and scientific 
5 terms used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. Although any methods and materials similar or 
equivalent to those described herein can be used in the practice 
or testing of the present invention, the preferred methods and 

10 materials are described. For purposes of the present invention, 
the following terms are defined below. 

The term "corresponds to" is used herein to mean that 
a polynucleotide sequence is homologous (i.e., is identical, not 
s^tribtiy evolutionarily related) *to all 3 br a portion of a 

15 ; ref erence ^dl^ucleotide'se^entie/'dr that a "polypeptide sequence 
is 1 identical to a reference pblypeiptide sequence. in 
contradistinction, the term "complementary to" is used herein to 
mean that the cbmpieme^^ or a 

portion of a reference polynucleotide sequence. For illustration, 

20 ~the nucleotide sequence "TATAC" corresponds to a reference 
sequence " "TATAC" and is complementary tb a ref erence" sequence 
"GTATA". 

The terms "substantially corresponds to", 
"substantially homologous", or "substantial identity" as used 
25 ' herein denotes "a characteristic of a nucleic acid sequence, 
wherein a nucleic acid sequence has at least 70 percent sequence 
identity as compared to a reference sequence, typically at least 
85 percent sequence identity, "and "preferably at least 95 percent 
sequence identity as compared to a reference sequence. The 
30 p^rc^ntage ~ of sequence ' identity is "calculated excluding ' small 




sequence, or a repetitive poirtion of a chromosome. However, the 
35 reference sequence is at least 18 nucleotides long, typically at 
" least^^ 30 nucleotides long, and ^preferably at least 50 to 100 



nucleotides long. "Substantially complementary" as used herein 
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refers to a sequence that is complementary to a sequence that 
substantially corresponds to a reference sequence. 

Specific hybridization is defined herein as the 
formation of hybrids between a targeting transgene sequence 
5 (e.g., a polynucleotide of the invention which may include 
substitutions, deletion, and/or additions) and a specific target 
DNA sequence (e.g., a human APP gene sequence) , wherein a labeled 
targeting transgene sequence preferentially hybridizes to the 
target such that, for example, a single band corresponding to a 
10 restriction fragment of a gene can be identified on a Southern 
blot of DNA prepared from, cells using , said labeled targeting 
transgene sequence as a probe. It is evident that -optimal 
hybridization conditions will yary depending upon the .sequence 
... composition and length (s) of the t^ptl^'^teai^lMieys) and 
15 endogenous target (s) , and the experimental method selected by the 
' P * act **n oner V r . Vari ; ous .guidelines "* may be used to select 
appropriate hybridization conditions (see, * Maniatis et al., 

*° Ucular Cloninq; A %^ g>T '^ orv " g ^™" 1 < ! r .t j Q *y~ r ' Cold 
? F ring Harbor ' N - Y • Berger and Kimmel", Methods in Enzvn.ni ^ , 
20 Volmne 152. Guide to Mole c ular r Cloning Te«hn< T ,o 0 (1987) , 
Academic . Press, Inc. tj ? Sa^ Diego , CA. , which t are incorporated 
herein by reference. 

? he term "naturally-occurring" as used herein as~ 
aDplied $p an object refers to tAe fact that an object, ^can be 
<Z S a&*S§?* , .fe* n *S£?.V- For exampje, a^poiypeptide^ or " 

*^?* C * til!X t is c present : . in an organism ; (4clud^ viruses)" that 
; , . ; Ca ^ i so ^ ate(i fro P a f °^9 e A* nature and" "which" has "not been 

r-°- M P r6 av lyS ee 5 ^*&*? e ?* ^ed"a^or^ 

_ are considered naturally-occiirring animals. ^ . ^ 

:**r.M- & ^ vll Id™ C09 ?^ V ' ^ n %|^ .^feS to! a^ gene 

.-.?*• f.S?: hUJna ^ jr?^^^, ■ffTt chain ^enrioWs i£ ti^ognate 
■ ^ene, to the mouse ..immunoglobulin heavy chain . gene locus' "since 
seances and. structures of these t two genes indicate that 
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they are highly homologous and both genes encode a protein which 
functions to bind antigens specifically. 

As used herein, the term "xenogenic" is defined in 
relation to a recipient mammalian host cell or nonhuman animal 
5 and means that an amino acid sequence or polynucleotide sequence 
is not encoded by or present in, respectively, the naturally- 
occuring genome of the recipient mammalian host cell or nonhuman 
animal. Xenogenic DNA sequences are foreign DNA sequences; for 
example, a human APP gene is xenogenic with respect to murine ES 
10 cells; also, for illustration; a human cystic f ibrosis-associated 
CFTR allele is xenogenic with respect to a human cell line that 
is homozygous for wild-type (nbrmal) CFTR alleles. Thus, a 
cloned murine nucleic acid sequence that has been mutated (e.g., 
by site directed mutagenesis) is xenogenic "with respect to the 
15 murine genome- from which the sequence "Wtf : - originally*- derived/. if 
• : -the mutated sequence does not naturally occur * in the ; murine 

'""'genome. "~ ■ ' * *'•" " ■* ' : " r ■ 

j As used herein, a "heterologous gene" or "heterologous 

polynucleotide sequence" is defined in relation to the transgenic 
20 nonhuman organism producing such a gene product. A heterologous 
polypeptide, also referred to as a xenogeneic- polypeptide, is 
defined as a polypeptide having an amino acid sequence or an 
encoding DNA sequence corresponding to that of a cognate gene 
" found in an organism hot consisting of the transgenic nonhuman 
25 animal. Thus, a transgenic:' mouse harboring a human APP gene can 
be described as harboring a heterologous APP gene. A transgene 
containing various gene segments encoding a heterologous protein 
sequence may be readily identified/ e.g. "by hybridization or DNA 
sequencing, as being from a species of organism other than the 
"30 transgenic animal . For ~ example*," egress iori of human "APP amino 
acid sequences may be detected in the transgenic nonhximah animals 
of the invention with antibodies specific for human APP epitopes 
'encoded by human AP gene segments. A cognate heterologous gene 
refers to a corresponding gene from another species; thus, if 
35 murine APP is the reference, human APP is a cognate heterologous 
r gene (as is porcine, "^ovine, or rat°APP, along with AP genes from 
other species). A mutated endogenous gene seqeunce * can be 
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referred to as a heterologous gene; for example, a transgene 
encoding a murine APP comprising a Swedish mutation (which is not 
known in naturally-occurring murine genomes) is a heterologous 
transgene with respect to murine and non-murine species. 
5 As used herein, the term "targeting construct" refers 

to a polynucleotide which comprises: (1) at least one homology 
region having a sequence that is substantially identical to or 
substantially complementary to a sequence present in a host cell 
endogenous gene locus, and (2) a targeting region which becomes 
10 integrated into an host cell endogenous gene locus by homologous 
recombination between a targeting .construct homology region and 
said endogenous gene locus sequence. If the targeting construct 
x is a "hit-and-run" or "in-and-out? , type construct (Valancius and 
j ^ Smithies 719911 Mol. Cell. Biol. 11 ; 1402; Donehower et al. 
15 (1992) Nature 356 ; 215; (19S1V J. NTH Res. 3; SQy Hasty et al. 
(1991) , Nature 25£; J243 , which . are, incorporated herein by 
reference) , the targeting region is only transiently incorporated 
~ vr ^vto f the endogenous gene locus and is eliminated from the host 
genome by selection. A targeting region may _ comprise a sequence 
20 tliat is substantially homologous to an endogenous gene sequence 
. , and/ or , may comprise a nonhomologous sequence,., such as a 
se^ctable, marker (e.g. , neo, tk, gpt) . The term "targeting 
construct" does not, necessarily indicate that the polynucleotide- 
comprises a ^gene whichl becomes integrated into the host genome. 
..nor, . does it necessarily indicate that the . polynucleotide 

j „ . ,art the term "targeting construct w is synonymous with the term 
^ _ "targeting ^transgene" as used herein. 

, . construct having a sequence ttat sxibstantialiy corresponds to, 
_ ,or is ^substantially , complementary to, a, predetermined Endogenous 
. o £W3 rsequfnce,, which A can^ include sequences flanking" said gene. 
.. . A. ^homology jregipn is generally at least about 100 nucleotides 
.35 r long.r. ^preferably at least about _250 to 500 nucleotides long, 
. typically at least „ about 1000 nucleotides long or longer. 
^Alttough there is no demonstrated theoretical minimum length for 



25 
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a homology clamp to mediate homologous recombinatipn f it is 
believed that homologous recombination efficiency generally 
increases with the length of the homology clamp. Similarly , the 
recombination efficiency increases with the degree of sequence 
5 homology between a targeting construct homology region and the 
endogenous target sequence, with optimal recombination efficiency 
occurring when a homology clamp is isogenic with the endogenous 
target sequence. The terms "homology clamp" and "homology 
region" are interchangeable as used herein, and the alternative 
10 terminology is offered for clarity, in view of the inconsistent 
usage of similar terms in the art, A homology clamp does not 
necessarily connote formation of a base-paired hybrid structure 
with an endogenous sequence. Endogenous gene sequences that 
substantially correspond to , or are substantially Complementary 
15 a tx>, ' a trarisgene homology region are referred to -"herein ^ as 
."crossover target sequences" or "endogenous target sequences.", 
* " " * ' * Lr ' * As used herein, the term "minigene" ref ers to a 
' heterologous gene construct wherein one or * more Nonessential 
segments of a gene are deleted witih respect to the naturally- 
20 occurring gene. Typically, deleted segments are intronic 
sequences of at least about 100 basepairs to several kilobases, 
and' may span up to several tens of kilobases or more. Isolation 
and manipulation o£ large (i.e. , greater than about 50 kilobases) ~ 
targeting constructs is frequently difficult and may reduce the 
"25 efficiency b£ transferring the targeting construct Unto a host 
cell. Thus, it is frequently desirable to reduce the' siie of a 
~-* ! '" : targeting construct loy deleting one or more nonessential portions 
'^•'of^^e-gisaiet 5 * Typical ly , : rf inteonlc "sequences that do^nbt encompass 
*" " essential reguratbry^elemehts Imay *be * ' deleted. ^ Frequently, if 
30 convenient restriction sites bound a nonessential' 'intronic 
Sequence of a w cloried gene sequence, a deletion of the intronic 
sequence may be produced by: (1) digesting the cloned DNA with 
£ tte"^appro^ (2) Separating the 

r l " restriction" fragments' "*(el g.% l>y electrophoresis) , x f3) isolating 
35 the restriction fragments encompassing the essential exons and 
rkgulator^^elementsV^'&na' (4) J lighting the "isolated restriction 
fragments to form a minigene wherein the exons aire 'in the same 
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linear order as is present in the germline copy of the naturally- 
occurring gene. Alternate methods for producing a minigene will 
be apparent to those of skill in the art (e.g., ligation of 
partial genomic clones which encompass essential exons but which 
5 lack portions of intronic sequence). Most typically, the gene 
segments comprising a minigene will be arranged in the same 
linear order as is present in the germline gene, however, this 
will not always be the case. Some desired regulatory elements 
(e.g., enhancers, silencers) may be relatively position- 
10 insensitive, so that the regulatory element will function 
correctly even if positioned differently in a minigene than in 
the corresponding germline gene. For example, an enhancer may 
be located at a different distance from a. promoter,, in a 
. different orientation, and/or in a different linear.. order . For " 
1% example, an enhancer that is located 3 • to a promoter in germline 
~ : ^°^ f A?^ at ^ on mi 9 h ^: be located 5 • to the prompter in a minigene. 
Similarly, : sone^jenes jnay have exons which are 'Alternatively" 
■ spliced at rr th€i RNA level, and thus a minigene may haye fewer 
exons and/pr eacpns in a different linear order than the 
20 corresponding germline gene and still encode a functional gene 
c.. p ?°* u ?^5._---Ar cDHA enc ©ding a r gene product may also be used to 
construct a minigene. However, since it is often desirable that 
v h ^ te F ologoxis min igene be expressed similarly to" the qognate^ 

^ onhum ^ n 9 ene # transcription of a cDNA 
^ mi ^ li 9 ene ^ tWically : is driyen by a linked gen^] prompter and 
t ^^nhariqer^ from the nat^ally^ gene. Freguently^ such 

i , / , *f ni ? e ?? c( ?^P£ ise a transcriptional reguiatory ^ ^ 

-....^ P??*?*^? and/pr ? e^ confers neurpn-^^cif ic or 

^speoif ic ^^^crAption ,o|.^the :/ ^minigene ^P^^ioding 



,3 0. ^sequences. ^ . . 



*\ A - : u ? e ^ he rein, , tte^ term "transcriptipnal . u^i*" or 
* ^^^^ p ^? n ^; M^ x " :5 e ^ s f -i?r, * Rpl^ucleot 
\ ^u^^E^W is f s \ a st^uqtural gene. .(Lexon^ 

;^ m ^ er g&&jfy72& L $B seguejices hecessaiV for efficient 
>r. ,";:^ a "^ c : 1 :^ t: . 1 ° 11 t ? ? .®.- f^ZQgPh sequences^ .distal, .regulatory 
< c el fS^ n1 ??,. *£ e ?f: s $!&^..$} r ~-: : ^? r ^i^ e ^ P M^^P^^ and 

. : ^ d ^ e .¥ > P^\ al >^.^ a •? scr •^•^n of ^tiie. vtruu&^X ^se^enges*, and 
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additional cis sequences important for efficient transcription 
and translation (e.g., polyadenylation site, mRNA stability 
controlling sequences) . 

As used herein, "linked" means in polynucleotide 
5 linkage (i.e., phosphodiester linkage). "Unlinked* 1 means not 
linked to another polynucleotide sequence; hence, two sequences 
are unlinked if each sequence has a free 5* terminus and a free 
3 1 terminus . 

10 As used herein, the term "oper ably linked" refers to 

a linkage of polynucleotide elements in a functional 
relationship. A nucleic acid is "oper ably linked" when it is 
placed into a functional relationship with another nucleic acid 
sequence. For instance, a promoter or enhancer Is operably 
15 linked to a coding sequence if itf affects" tie transcription of 
- the coding sequence. Operably linked m£ans i: that " the DNA 
^ sequences ibeih^ linked are typically contiguous and, where 
necessary to joiri two protein coding Regions; contiguous and in 
reading frame. ' ;,v * . \: * - .*-.v:~:^ 

20 ^ As used hierein, the term "correctly targeted construct" 

"refers to a portion of ttie targfetiihg construct which is 
integrated within "or ad j acent to an 1 endogenous Crossover target 
sequence, such as apportion of an endogenous APP gene locus. For 
example but not "1 imitation, a bortion of a targeting transgene 
25 encoding heo and flanked by homology 'regions havirig : substantial 
identity with* endogenous APP gene" sequences "f iariking the first 
exoh, is correctly^ targeted when said txansgene portion is 
integrated "into > a "chromosomal location 0 sb % "as to Veplafce, for 
"example, the f irst'exon of the endogenous ^APP gWne. l T In "contrast 
) and also for example, if the targeting transgene or "a port ion 
thereof i spirit egratVd into a nonhomologous region knd/or a region 
^iriot within about^SO iS >f a^APP gene :v seqiiencei : :i the resultant 
product "is "an incorrectly ta¥<g^tW"tr^ it r £k n pbssible to 

~ gerierate cells Having bbth L a c6rre v ctly "targeted transgerie(s) and 
i an incorrectly targeted transgene (s) . Cells and aiiilaK having 
3 correctly targeted 'transgene (s)* and/ or an incorrectly targeted 
transgene (s) may be identif ied ' and Resolved by PCR ' and/or 
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Southern blot analysis of genomic DNA. 

As used herein , the term "targeting region" refers to 
a portion of a targeting construct which becomes integrated into 
an endogenous chromosomal location following homologous 
5 recombination between a homology clamp and an endogenous APP gene 
sequence. Typically, a targeting region is flanked on each side 
by a homology clamp, such that a double-crossover recombination 
between each of the homology clamps and their corresponding 
endogenous APP gene sequences results in replacement of the 
10 portion of the endogenous APP gene locus by the targeting region; 
■in such double-crossover gene replacement targeting constructs 
the targeting region can be referred to as a "replacement 
region". However, some targeting construct^ may employ only a 
^single homology clamp (e.g. , some "hit- vectors, ~ 

, rr , 15 . see , ..Bradley et al. , (1992) Bio /Technology 10: 534, incorporated 
herein by, reference), v..,.;- w.» 

... . ...... As used herein, the term ."replacement region"^ refers 

i ■ , ^ to : a t : portion x>f a targeting . construct ^ f lanked by , homology 
regions. Upon double-crossover homologous recombination between 
- 20 ^flanking homology, regions and their corresponding endogenous, APP 
, , gene ¥ crossover , target sequences, /th<e^ ^replacement ^ ^region is 

. . integrated : into Jthe host . cell chromosome between ttie endogenous 
v crossover target ^sequences. Replacement regions can be 
1( . r ^ ^homologous ,(e.g. , have a sequence similar to the endogenous APP 
.25 ^ - gene sequence but . having a r p<pint mutation or missense mutjation) , 
nonhomologous Xe.g. a neo , gene expression cassette), or a 
combination of homologous and nonhomologous regions. The 
~ replacement region can convert the endogenous, APP allele into an 
^ APP„ alelle comprising^ a Swedish mutation; for example, the 
.30 replacement .region, can ^sp^n the portion of the APP gene encoding 
residues 595 and 596. of the 695 amino acid long APP isoform (or 
.,^its nonhuman ,equivalent),,and the, replaqement , region can comprise 
^ ^ a., sequence encoding .aspar;agine* 95 r leucine 59 . 6 at the 595 and 596 

v ^^ t ; _ disrupted" as justed herein, means that a gene locus comprises at 
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least one mutation or structural alteration such- that the 
functionally disrupted gene is incapable of directing the 
efficient expression of functional gene product. For example but 
not limitation, an endogenous APP gene that has a neo gene 
5 cassette integrated into an exon (e.g., the third exon) of a APP 
gene, is not capable of encoding a functional protein (isoform) 
that comprises the inactivated exon, and is therefore a 
functionally disrupted APP gene locus. Also for example, a 
targeted mutation in the exons of an endogenous APP gene may 

10 result in a mutated endogenous gene that can express a truncated 
APP protein isoform. Functional disruption can include the 
complete substitution of a heterologous APP gene locus in place 
of an endogenous APP locus, so that, for example, a targeting 
triansgene that replaces the entire mouse APP locus with a human 

15 APP Swedish mutation allele, which may be f unctional c in " the 
-mouse, is said to have functionally disrupted the endogenous 
murine APP locus by displacing it. Preferably, ait least one exon 
which is incorporated into the mRNAs encoding most or A all of the 
APP isoforms are functionally disrupted. Deletion or 

20 interruption of essential transcriptional regulatory elements, 
polyadenyiation signal (s) , splicing site sequences will also 
yield a functionally disrupted gene. Functional disruption of 
an endogenous APP gene, may also be produced by other methods 
(e.g. , antisense polynucleotide gene suppression) . The term 

25 ^structurally disrupted" refers to a targeted gene wherein at 
least one structural (i.e., exon) sequence has been altered by 
homologous gene targeting (e.g., by insertion, deletion, point 
mutation (s) , and/or rearrangement). . Typically, APP alleles that 
are structurally disrupted are consequently functionally 

30 disrupted, however APP alleles may also be functionally disrupted 
without concomitantly bexng. structurally disrupted, i.e., by 
targeted alteration of a non-exon sequence such as ablation of 
a promoter. An allele comprising a targeted alteration that 
interferes with the efficient expressTcfh^bf i" functional gene 

35 product from, the allele is referred to in the art as a "null 
allele" or "knockout allele" . 

The term "agent" is used* "herein to denote a chemical 
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compound, a mixture of chemical compounds, a biological 
macromolecule, or an extract made from biological materials such 
as bacteria, plants, fungi, or animal (particularly mammalian) 

cells or tissues. 
5 As used herein, "isof orm", "APP" , and "APP isof orm" 

refer to a polypeptide that is encoded by at least one exon of 
the APP gene (Kitaguchi et al. (1988) Nature 331:530'; Ponte et 
al., ibid. . p. 525; R.E. Tanzi, ibid. . p. 528; de Sauvage and 
Octave (1989) Science 245:651; Golde et al. (1990) Neuron 1:253) . 
10 An APP isof orm may be encoded by an APP allele (or exon thereof) 
, that is associated with a form of Alzheimer's disease or that is 
not associated with an AD disease phenotype. - — 

The term "/3-amyloid gene" is used herein as a synonym 
for the APP gene, as . 0-amyloid is a protein product produced by 
15 a post-translational cleavage of an APP gene product. 
- as used herein, "APP 695 ", "APP 751 ", and "APP 770 " refer, 

~. respectively, to the 695, 751, and 770 amino acid residue long 
. polypeptides encoded by the human APP gene (Ponte et al. loc^. 
cit . : Kitaguchi et al. loc. cit. ; Tanzi et al. loc. cit'. ) . 
20 As used herein, "codon 595" and "cbdoh 596" refer to 

the codons (i.e., the trinucleotide sequences) that encodes the 
595th and 596th amino acid positions in APP 695 , or the amino acid 
position in an APP isof orm or fragment that corresponds to the_ 
595th and 596. th positions" in APP 6 9 s according to the numbering 
25 . convnetipn in jcang et al . (1987 ) ^p^'cjt) V For example but not 
limitation, a 600 residue long ^ragi^^'Vt^^^is 'Tffi^ttced'^y 
truncating APP 695 by removing the 95 N-terminal amino acids has 
its! sppth and 501st amino acid i positions coCTesporiding to codons 
" 595 and 596 of APP 695 ." "in fact/^ iised herein^ the "Swedish 
30 mutation is characterized by asparagine and leucine residues, 
* respectively.,, at .amino. aci4 positions 595 and 596 in APP which 
correspond to amino acid positions 670 arid 67 i in APP 770 " 



- DETAILED nttSCRTPTION 

35 Generally, the nomenclature used hereafter and the 

laboratory procedures in cell culture, molecular genetics, and 
nucleic acid ^chemistry and hybridization described below are 
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those well known and commonly employed in the art.- Standard 
techniques are used for recombinant nucleic acid methods, 
polynucleotide synthesis, cell culture, and '' transgene 
incorporation (e.g., electroporation, microinjection, 
lipofection) . Generally enzymatic reactions, oligonucleotide 
synthesis, and purification steps are performed according to the 
manufacturer's specifications. The techniques and procedures are 
generally performed according to conventional methods in the art 
and various general references which are provided throughout this 
document. The procedures therein are believed to be well known 
in the art and are provided for the convenience of the reader. 
All the information contained therein is incorporated herein by 
reference. 

Chimeric targeted mice are derived according to Hogan, 
15 et al. . Manipulating the Mouse Em brvoi A laboratory Man^i /^^ 
Spring Harbor Laboratory (1988) and TeratocarcirioTnas 
Embryonic' Stem Cells: A Practical Approach, f .t Robertson, ed., 
IRL Press, Washington, D. C* ; (£987) which are incorporated herein 
by reference.* 

20 ^ Embryonic stem cells are manipulated according to 

published procedures fTeratocarcinoiii as and Embrvonle stem Cells : 
h Practical Approach, E.J. Robertson, ed. , IRL Press, Washington, 
D.C. (1987); Zjilstra et al., Nature" 342;435-43a (1989); and 
Schwartzberg et al. . Science 246:799-«ni (1989), each of which 
25 is ' incorporated herein by reference); 1- 

" Oligonucleotides' can be synthesized on an Applied Bio 
\ •Systems'- oligonucleotide ' 'synthesizer . according to : specifications 
provided "by l ^thV ma^ra^tur^V ^ ^ ' JO; - •' : n r;ny.d. 

In general, the invention "encompasses methods and 
10 polynucleotide 1 constructs* « which "are' ^ employed 7 for 'generating 
nohtiumah " 'transgenic animals expressing' an APP polypeptide 
comprising' the ^Sweiish mutation ir^^^Ih^'some embodiments, the 
nonhuman transgenic animals expressing a Swedish" mutation APP 
*' also have "the' endogenous APP/ gene" loc^s"fiincti6naily disrupted. 
15' ''-Advantageously, 5 r the' Swedish mutation :r results "'in enhanced 
expression of A/?, r with animals or c^ils -generally expressing 
transgeneVenctfded Swedish mutation : A/T at a significantly higher 
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level than normal A/S. It is believed that the Met 596 to Leu 596 
is of particular importance in the preferential expression of the 
Swedish A0 as compared to the normal (wildtype) A0. f 

Newly identified secreted fragments comprise the amino- 
5 terminal portion of 0APP (A/?) which remains after cleavage and 
will be referred to hereinafter as the amino-terminal fragment 
form of 0APP (ATF-0APP) . ATF-/3APP is believed to be the product 
of an alternative secretory processing pathway for A/J, which 
> pathway is present even in normal (non-diseased) cells. It is 
10 further believed, however, that the alternate secretory pathway 
: , may be responsible for an essential event in the production of 
A£ in diseased cells in patients, and that abnormal- production 
of ATF-/3APP may be involved in diseases related to A/? plaque, 
particularly Alzheimer's disease and Down's syndrome. 
15 ; . v . Particularly preferred animal .models for 0-secretase 
. cleavage of A|S are transgenic animals .which express the Swedish 
.mutation of the A/5 gene, as described above. It has been found 
that such transgenic animals, particularly , ;? transgenic mice, 
produce high quantities of ATF-0APP which may detected according 
20 to the methods of the present invention. : ^ In particular, it has 
been f ound ;that Swedish mutation of AP produces quant it ies of the 
ATF-jffAPP which will usually be at least two-fold higher than wild 
type human 0APP expressed in animals. Usually, production will 
: , be significantly higher, typically being at .least two-fold 
25 higher. With such . elevated , levels \ of ATF-iSAPE production, 
^ ^mpnitoring /3-secretase activity % under different conditions is 
• .^^^eatl^ facilitated. _ In p^ and 
other therapies for inhibiting^ jS-secretase thus 
, „ . - iiAibiting ^.jS^F,produrtipn) .. are . greatly simplified in animals 
30 models expressing the, Swedish mutation of human fiAPP. 

, ^ - Agents are administered to test animals, such as test 
mice^which wre transgenic , an£ which express the Swedish mutation 

». „35 4 hereinafter. It ^will...be appreciated . that the preparation . of 
, _ other transgenic .animals expressing, the .Swedish human flAPP may 
, „ easily^ be_ accomplished, . including rats, hamsters, guinea pigs, 
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rabbits , and the like. The effect of test compounds on ATF-0APP 
production in test animals may be measured in various specimens 
from the test animals. / 

The effect of test agents on ATF-0APP production in 
5 test animals may be measured in various specimens from the test 
animals. In all cases, it will be necessary to obtain a control 
value which is characteristic of the level of ATF-0APP production 
in the test animal in the absence of test compound (s) . In cases 
where the animal is sacrificed, it will be necessary to base such 

10 control values on an average or a typical value from other test 
animals which have been transgenically modified to express the 
Swedish mutant of human 0APP but which have not received the 
administration of any test compounds or any other substances 
expected to affect the level of production of ATF-jSAPP.^ Once 

15. such" control level is determined, test ^compounds rr can be 
administered to additional test animals, where deviation from the 
average control value indicates that 'the test compound had an 
effect on the 0-s6creta£e activity in the" animal.'' Test 
substances which are considered positive, i.e., likely to be 

20 beneficial in the treatment of Alzheimer's disease or other 0- 
amyloid-related conditions; will be those which are able to 
reduce the level of ATF-/JAPP production, preferably by at least 
20%, more preferably by at least 50%, and most preferably by at 
leas^Bb*. 7 s " ^ x - s ' c r - : - — •> : 



25 ^ - The test agents can be any molecule, compound, or other 

substance which can be added to the cell culture or administered 
to the test animal without instant ially interfering 'with cell 
or* "animal " viability/ SuitWle ^ te^t agents " may T>e small 
molecules, biological polymers, such as polypeptides, 
3 0 polysaccharides , polynucleotides , " and thef * like . " Tfcfisf test 
compounds will typically be administered to transgenic animals 
- - at a dosage of from 1 ng/kg- to 10 mg/kg, usual ly~ from- 10 /xg/kg 
^'tb 1 mg/lcg. 

"Test ^compound? 'which or 
35 animal production of ATF-0APP are considered as candidates for 
further determinations of the ability to block ^amyloid 
production in animals and humans . * Inhibition * of secretion or 
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production . indicates that cleavage of 0APP at the amino-terminus 
of 0AP has likely been at least partly blocked, reducing the 
amount of a processing intermediate available for conversion to 
/3-amyloid peptide. 
5 The present invention further comprises pharmaceutical 

compositions incorporating a compound selected by the above- 
described method and including in a pharmaceutically acceptable 
carrier. Such pharmaceutical compositions should contain a 
therapeutic or prophylactic amount of at least one compound 
10 identified by the method of the present invention. .The 
pharmaceutically acceptable carrier can be any compatible, non- 
toxic substance suitable, to deliver the compounds to -an rntended 
- host. Sterile water,, alcohol, fats, waxes, and inert sblids may 
be used as the carrier. Pharmaceutically acceptable adjuvants, 
15 T .buffering agents , dispersing agents , .and the like may "also, be 
' . f ncor P°? ated into the .pharmaceutical compositions. . Preparation 
; of pharmaceutical conditions incorporating active agents is well 
•• described in the medical and scientific literature , See, for 
example, Remington * : s Pharmaceutical Sciences , Mack Publishing 
20 Company, Easton, Pennsylvania, l«th Ed. , 1982, the disclosure of 
which is incorporated herein by reference. 

, The pharmaceutical ^compositions just described are 
... su A* able J r or ,a s y? temic Ministration to the host, including bothr 
parenteral, topical, and oral administration. The pharmaceutical 
s^ 5 ; , p?F^ os *£*P ns may . : v . be ; " jadbai^±s«uend parenteraliy , " i^e. 
. . r? 3 ,6ubcutaneously , ;,Jnteam»wq!uX_ar^ ; or intravenously . ;^Thus, the 

LZ;-o i?F^?®2t J . ^^u? n ^^§^f s ^^ a i^:9^ o^atoinistotipn to a 
iJo-:' y h 9 s P' ~{^ m **a i .Q B . ^°P^ os ^hP n f - co ™PM^ e " ; a pharmaceutically 
L a i^^ able 3J?^i?Ji °* ; i ^^ if ^5p^S»d inj|n A §cc^table 
+ .30 carrier,^ as .described, above. .. ^ . 

.5 r j:?in.i; .jix&v^. ..... v; v s\o;ioi;.ir;i ; .: 3.; . .— / . ■: ■ ., _ ; .. r ..,. .... 

K>:\g^ *?? na Sfb eS :. .^SP-P^Pf/ H 5S^ 1 P*°j?' s , wedish Mutat'loTi "app" protein 

In a pref erred embodiment of tne~inventfon, J a transgene 
-to nei^J^f^i&^e^ Swedish 
rc¥ el9$t*&8Sb ^^^^el^-ieu^ineW ^ ,1s ^te^sferred^,.^^) „„a 
iicj vsfi^HS^l embryo. OT, _M f ES. cell ? to produce V ^ansgenic^cwAuman 
■^ o . .. f"imal.,that r expi;e.s ?( e ; s APP. polypeptide (s) 'comprising the Swedish 
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mutation. A transgene encoding a heterologous Swedish mutation 
APP protein comprises structural sequences encoding a 
heterologous Swedish mutation APP protein, and generally also 
comprises linked regulatory elements that drive expression of the 
5 heterologous Swedish mutation APP protein in the nonhuman host. 
However, endogenous regulatory elements in the genome of the 
nonhuman host may be exploited by integrating the transgene 
sequences into a chromosomal location containing functional 
endogenous regulatory elements which are suitable for the 
10 expression of the heterologous structural sequences. Such 
targeted integration is usually performed by homologous gene 
targeting as described supra, wherein the heterologous transgene 
would comprise at least one homology clamp. * 

When a heterologous^ transgene relies on : its own 
r 15 " regulatory x elements," suitable transcription^ erlemeirits and 
. polyadenylat ion sequence (s) are included. At least one promoter 
:r ij[s linked upstream" 1 of the "first ^structural sequence in an 
5 r orientation tcP idrive transcription of the heterologous structural 
sequences. Sometimes the promoter from the naturally-occurring 
J 20 heterologous gene is used (e.g., a human APP promoter is used to 
drive expression of a human Swedish mutation APP transgene) . 
Alternatively, the promoter from the endogenous cognate APP gene 
may be used (e.g., the murine APP promoter is used to drive 
expression of a htimah Swedish • mutation APP' transgene) . 
25 Alternatively, a transcriptional regulatory element heterogenous 



with respect to; both' the transgene encoding sequences and the 
^ nonhuman host" animal * can be used (e.g., 'a rat promoter and/ or 
enhancer operably linked tVk hufcieo^ encoding human 

"Swedishf mutation 1 APP , wherein the transgene is introduced into 
30 mice) . * 

In some embodiments, ~it" : is 1 ^preferable that the 
transgene sequences encoding the Swedish mutation APP polypeptide 
n ~ are ' W&ei: and/or 
; enhanicers (aitfybr silencers)" which' r -1are not operaioly "linked in 
35 naturally-occurring APP genes (i.e.; non-APP promoters and/ or 
J " i: enhanc4rs)°." ' For " example,* " some ' "enilDodimehts r ' will employ 
" transcriptional " regulato^ 7 ^ confer high level 
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expression and/or in a cell type-specific expression pattern 
(e.g., a neuron-specific promoter). The rat neural-specific 
enolase (USE) promoter (Forss-Petter (1990) Neuron 5; 187) is a 
preferred transcriptional regulatory element for operable linkage 
5 to a nucleotide sequence encoding a Swedish mutation APP 
polypeptide. Other promoters and/ or enhancers which confer 
efficient expression to the transgene-encoded APP sequence in 
brain tissue generally are preferred. 

Various promoters having different strengths (e.g., 
10 pgk, tk, dhfr) may be substituted in the discretion of the 
practitioner, however it is essential that the promoter function 
in the nonhuman host and it is desirable in some embodiments that 
the promoter drive expression in a developmental, pattern or cell 
type-specific pattern (and at expression levels) similar to a 
is naturally-occxxrr ing APP gene ; in a parallel host animal lacking 
v ~ r the ; transgene. • , : \ ^ ;; ^k... 

: ^ A heterologous transgene generally encodes at least one 

: n ^ full-length . /r APP isof orm (e.g. , r a„ v f 95aa, .isofon?) . The 
heterologous transgene may comprise a polynucleotide spanning the 
20 entire genomic APP gene or portion thereof ,, /y may ..comprise a 
minigene, may comprise a single contiguous, coding segment (e.g., 
cDNA),„or may comprise a combination thereof . Frequently, the 
transgene encodes a human A?P polypeptide sequence comprising the 
Swedish mutation, , howeyer transgenes encoding t nonhuman APP 
r 25 t , v ^polypeptides cpmjjirising, the ^Swedish mutation may. also be used, 
generally:, the. ; ^transgene will encode a full-length naturally- 
occurring AI>P isof orm (e^g. , AP?f ? f , . J or, further 

t ■ . a The transgenes encoding APP polypeptides comprising the 
30 Swedish mutation will frequently will also comprise one or more 
A linked selectable marker (infra). 

^-v Transgenes - encoding .heterologous APP polypeptides 
- . r ^comprising the Swedish mutation, molecules may. be transferred into 
, the nonhuman * host genome in several ways. A heterologous 
3.^3 ^f^sgene^aay^be pargeted ,to a r specif ic^redete 
v C -> ^ location ^.by^ homologous targeting, as described c supra .for gene 
/targeting .. Heterologous, transgenes may.be, transferred, into, a host 
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genome in pieces, by sequential homologous targeting, to 
reconstitute a complete heterologous gene in an endogenous host 
chromosomal location. In contradistinction, a heterologous 
transgene may be randomly integrated separately from or without 
5 using a APP gene targeting construct. A heterologous transgene 
may be co-transferred with an APP gene targeting construct and, 
if desired, selected for with a separate, distinguishable 
selectable marker and/ or screened with PCR or Southern blot 
analysis of selected cells. Alternatively, a heterologous 

10 transgene may be introduced into ES cells prior to or subsequent 
to introduction of a APP gene targeting construct and selection 
therefor. Most conveniently, a heterologous transgene is 
introduced into the germline of a nohhuman animal by 
nonhomologous transgene integration via pronuclear injection, and 

15 resultant transgenic lines are bred into a homozygous knodkout 
background having functionally disrupted cognate endogenous APP 
gene.' Homozygous knockout mice can also be bred and the 
heterologous Swedish mutation APP trairisgene introduced into 
embryos of knockout mice directly by standard pronuclear 

20 injection or other means known in the art. 

Gene Targeting 
In some embodiments, the endogenous nonhuman APP 
alleles are functionally "disrupted so 1 that expression of 
25 endogenous ly encoded APP is suppressed or eliminated, so as to 
not interfere or contaminate trahsgehe-ericbded APP comprising the 
Swedish mutation. In one variation, an endogenous APP allele is 

converted to comprise the Swedish mutation by homologous gene 

at. a; j*?y. 'irzi^-on :c tio^y n<>^:: 

targeting. 

30 Gene targeting, which is a method of using homologous 

'^-...-rl . c-.f---f*I <~:r •< , --ofc \ * 

recombination to modify a mammalian genome, can be used to 

introduce changes irifco cultured cells. By targeting a gene of 

interest in embryonic stem (ES) cells, these changes can be 

introduced into the germlmes of laboratory animals to study the 

35 effects of the modifications on whole organisms, among other 

uses The" gene targeting procedure " is accomplished by 

introducing into tissue culture cells a DNA targeting construct 
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that has a segment homologous to a target locus and which also 
comprises an intended sequence modification (e.g., insertion, 
deletion, point mutation) . The treated cells are th,en screened 
%M for accurate targeting to identify and isolate those which have 

5 been properly targeted. A common scheme to disrupt gene function 
by gene targeting in ES cells is to construct a targeting 
construct which is designed to undergo a homologous recombination 
with its chromosomal counterpart in the ES cell genome. The 
targeting constructs are typically arranged so that they insert 
10 additional sequences, such as a positive selection marker, into 
coding elements of the target gene, thereby functionally 
disrupting it. Targeting constructs usually are insertion-type 
or replacement- type constructs (Hasty et al. (1991) Mol. Cell. 
Biol. 11: 4509) ... / 

T ■ Targeting of the Endogenous APP Gene 

The invention encompasses methods to produce nonhunan 
animals -(e.g. /v non-primate mammals) that have the endogenous APP 
W gene inactivated by gene targeting; with a homologous 

20 recombination targeting construct. Typically, a nonhuman APP 
gene sequence is used as a basis for producing PCR primers that 
flank a region that will be used as a homology clamp in a 
targeting construct. The PCR primers are then used to amplify 
by high f idelity^P^ et al. ( 1991) Nucleic 

, 25 Acids Res. 19 : 4967; E^^ (1991) PCR 

> ^Methods and Applications 1: 17: U.S. Patent 4, 683 ,202/ which are 
incorporated herein by reference) , a genomic sequence from a 



genomic clone library or from a preparation of genomic DNA, 
preferably from the strain of nonhuman* animal that is to be 



30 targeted with the .targeting qonstruct. The amplified DNA is then 
used as a homology clamp and/or targeting iregion. Thus, homology 
T clamps. for ^targeting a. nonhuman, APP gene may be readily produced 
"on the basis of nucleotide sequence information available in the 
art and/orby routine cloning. General principles' regarding the 
35 construction of targeting constructs and selection methods are 
reviewed in Bradley et al. (1992) Bio /Technology 10 : 534, 



^incorporated herein by r reference . 



f erence .* 
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Endogenous nonhuman APP genes may be functionally 
disrupted and, optionally, may be replaced by transgenes encoding 
APP comprising the Swedish mutation. > 

Targeting constructs can be transferred into 
5 pluripotent stem cells, such as murine embryonal stem cells, 
wherein the targeting constructs homologously recombine with a 
portion of an endogenous APP gene locus and create mutation (s) 
(i.e., insertions, deletions, rearrangements, sequence 
replacements, and/or point mutations) which prevent the 
10 functional expression of the endogenous APP gene. 

A preferred method of the invention is to^ delete, by 
targeted homologous recombination, essential structural elements 
"of the endogenous APP gene. For example, a targeting construct 
cah homologously recombine with an endogenous APP gene and delete 
15 a pbrtiori ispannirig substantially all "of orie or more of the exons 
' ' .'to create an ' exon-diepleted : allele , r?: typically by inserting a 
replacement region lacking the corresponding exon(s) v Transgenic 
'ahimaLis homozygous for 5 the exon-depleted allele (e.g., by 
" breeding of heterozygotes to each other) prbduce cells which are 
20 essentially incapable bf expressing a functional endogenous APP 
polypeptide ~ (preferably incapable of expressing any f of the 
naturally-occurring isof orms) . Similarly, homologous gene 
targeting can be used, if desired, to functionally disrupt an APP~ 
gene by "deleting only ' a portibri of ari exoifu - v •- 
25 Targeting constructs can also be used to ~ delete 

essential regulatory elements of an endogenous APP gene, such as 
promoters, enhancers/ splice sites, ^poiyadenyiation' sites, and 
other regulatory sequences, including cis-acting sequences that 
occur upstream or downstream of the APP structural gene but which 
30 participate in endogenous* APP gene^expressionv- 1 Deletion" of 
regulatory elements is typically accomplished- by inserting, by 
homologous double-crossover recombination , a ' replacement? region 
lacking "the corresponding^ re^lat^Jty fc elemeW(V)\^ f -- :cf ' vo:>ff,ri 

A alternative preferred" rietl^od u of '"tJie ^nveritidh is to 
fc "35"^'interxupt essential" s€ructutal and/or iregufatory ¥lemetHTs of an 
/' endogenous APP igene by targeted insertion of a ; polynucleotide 
"sequence, ° and thereby functionally disifupt^the endogenbus APP 
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gene. For example, a targeting construct can homologous ly 
recombine with an endogenous APP gene and insert a nonhomologous 
sequence, such as a neo expression cassette, into a / structural 
element (e.g., an exon) and/or regulatory element (e.g., 
5 enhancer, promoter, splice site, polyadenylation site) to yield 
a targeted APP allele having an insertional interruption. The 
inserted sequence can range in size from about 1 'nucleotide 
(e.g., to produce a frameshift in an exon sequence) to several 
kilobases or more, as limited by efficiency of homologous gene 

10 targeting with targeting constructs having a long nonhomologous 
replacement region. 

Targeting constructs of the invention can also be 
employed to replace a portion of an endogenous APP gene t , with an 
exogenous sequence (i.e. , a portion of a targeting taransgene) ; 

15 for example, the first exon of an J^P ge^e ja^^^ with 

r :7 a substantially identical portion .that contains a nonsense or 
missense mutation- , . c . , rv . > ~- ri . v ......... .^..^ • • 

u\ *? \ 1 1 ; ^nacti^Km r:( pf an ^enjdogenc^is^ v mouse APF ^ locus is 
achieved, by ; targeted disruption of the appropriate gene by 

20 homologous recombination in , jnouse embryonic stem cells . For 
inactivation, ..any targeting construct that produces a genetic 
alteration in. the, target APP gene locus resulting, in the 
^prevention? of effective expression of a .functional gene product 
of that locus may be employed. ,.If only, regulatory elements are 

25 >n targeted, some . low-level expression of toe targeted gene may 
. . occur (i.e. ,„ Jthe. targeted allele is . "leaky"')^. however the level 
of expression may be sufficiently low that the leaky targeted 
„ allele, is^ f unct^ ^. , ^ , , f .. 

30 Generation of Null APP Alleles and Knockout Mice ■ 
^In one embodiment of the invention, an endogenous APP 
aene in. a nonhuman host is functionally disrupted by homologous 
Recombination^ does not comprise 

. > ,a cognate .hetexplqgous. A?P '^gene ^segment cpmgrising the Swedish 
35 mutation ........ In _this^.. embodiment, portion of the targeting 

^ no ponstruct^ integrates ^^into an essential structural or regulatory 
element of the endogenous APP gene locus, thereby functionally 
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disrupting it to generate a null allele. Typically , null alleles 
are produced by integrating a nonhomologous sequence encoding a 
selectable marker (e.g., a neo gene expression cassette) into an 
essential structural and/or regulatory sequence of an APP gene 
5 by homologous recombination of the targeting construct homology 
clamps with endogenous APP gene sequences, although other 
strategies ( see , infra) may be employed. 

Most usually, a targeting construct is transferred by 
electroporation or microinjection into a totipotent embryonal 

10 stem (ES) cell line, such as the murine AB-1 or CCE lines. The 
targeting construct homologously recombines with endogenous 
sequences in or flanking an APP gene locus and functionally 
disrupts at least one allele of the APP gene. Typically, 
homologous recombination of the targeting construct with 

15 endogenous APP locus sequences results in ' integration of a 
^nonhomologous sequence encoding and expressing a selectable 
marker, such as neo, usually in the form of a positive selection 
^cassette ( infra 1 . The functionally disrupted allele is- termed 
an APP null allele. ES cells having at least one APP null allele 

20 are selected for by propagating the cells in a medium that 
permits the preferential propagation of cells expressing the 
selectable marker. Selected ES cells are examined by PGR 
analysis and/ or Southern blot analysis to verify the presence of 
a correctly targeted APP allele. - Breeding of nonhuman animals 

25 which are heterozygous for a null allele may be performed to 
produce nonhuman animals homozygous for said hull allele, so- 
called "knockout" animals (Donehower et al. (1992) Nature 256 ; 
2 15 ; " Science 256 ; 1392 , 'incorporated herein by reference) . 
Alternatively )' ES cells homozygous for a Tiuli allele having an 

30 ' ^integrated selectable ioikidter can ^e produced in culture by 

c Selection in a medium containing high levels of the selection 
^kgent"" 1[e.g.| G418 or hygromycin) "• Heterozygosity " and/ or 
iibm^ygosity f or a correctly targeted mill allele can be verified 
'with'PCR analysis and/or "Southern blot analysis of DNA Isolated 

35 from ah aliquot of a selected ES cell clone ahd/or from tail 
biopsies. " ~ 1 ' " K - ' 

If desired, a transgene encoding a heterologous APP 
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polypeptide comprising the Swedish mutation can be transferred 
into a nonhuman host having an APP null allele, preferably into 
a nonhuman ES cell that is homozygous for the APP null allele. 
It is generally advantageous that the transgene comprises a 
5 promoter and enhancer which drive expression of structural 
sequences encoding a functional heterologous Swedish mutation APP 
gene product. Thus, for example and not limitation, ^a knockout 
mouse homozygous for null alleles at the APP locus is preferably 
a host for a transgene which encodes and expresses a functional 

10 human APP protein comprising the Swedish mutation v Swedish 
mutation APP transgenes comprise heterologous APP structural 
sequences encoding APP polypeptides comprisng the -Swedish 
mutation, either in the : form of exons having splice junction 
sequences, as a contiguous coding segment (e.g. , a cDNA) or as 

15 a combination of these, . , Most usually , Swedish mutation APP 
transgenes ; encode full- length APP polypeptides, although 
"transgenes can encode^ isoforms, chimeric APP 

polypeptides ( e. g. , part ... human/part mouse) , f and/ or f amino- 
substituted APP vari<ants. (i.e. , muteins) further comprisng the 

20 Swedisn mutation. Typically, transgenics also comprise regulatory 
elements, such as a promoter and, for optimal expression, an 
enhancer. 

Homologous APP Gene Replacement 
25 V1 In^an alternative variation of the invent ion , ^ an 

endogenous APP gene in a nonhuman host is functionally disrupted 
by : homologous integration of ^ cognate heterologous APP gene 
comprising ,the Swedish mutation,. t . such that the . cognate 
_ t. heterolpgous :APP gene s^sfeantia^ly APP 
3b ,_qene, at .least _ spanning^ the,_ amino acid 595-596^ positions 
according to the Kang et al. -f (lg.87X op>cit numbering convention, 
. an<d^ pref erably . completely replaces the coding segpences of the 
endogenous r APP gene. . Preferably, the heterlogous Swedish 
mutation APP gene is linked, as a consequence oif homologous 
35 integration, /to, regulatory sequences (%.g., an, enhancer) „of the 
endogenous APP gene so that the heterologous Swedish mutation 
gene .i^ e^ress.ed under the transcriptional control of regulatory 
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elements from the endogenous APP gene locus. Nonhuman hosts 
which are homozygous for such replacement alleles (i.e., a host 
chromosomal APP locus which encodes a cognate heterologous 
Swedish mutation APP gene product) may be produced according to 
5 methods described herein. Such homozygous nonhuman hosts 
generally will express a heterologous Swedish mutation APP 
protein but do not express the endogenous APP protein. Most 
usually, the expression pattern of the heterologous Swedish 
mutation APP gene will substantially mimic the expression pattern 
10 of the endogenous APP gene in the naturally-occurring (non- 
transgeneic) nonhuman host. For example but not limitation, a 
transgenic mouse having human Swedish mutation APP gene sequences - 
replacing the endogenous murine APP gene sequences and which are 
transcriptionally controlled by endogenous murine regulatory 
15 sequences generally will be expressed similar ly to the murine APP 
in naturally occurring non-transgenic mice. 

Generally, a replacement-type targeting construct is 
employed for homologous gene replacement. Double-crossover 
homologous recombination between endogenous APP gene sequences 
20 and homology clamps flanking the replacement region (i.e., the 
heterologous Swdish mutation APP encoding region) of the 
targeting construct result in targeted integration of the 
heterologous Swedish mutation APP gene segments. Usually, the - 
homology clamps of the transgene comprise sequences which flank 
- 25 the endogenous APP gene segments, so that homologous 
- irecbmbination results in concomitant- deletion of : the endogenous 
- v APP gene segments 1 and homologous integration of -the heterologous 
*** ' gene 4 segments. -Substantially an 1 entire endogenous APP gene may 
'cV:be replaced witir a- heterologous APP gene comprising 'the Swedish 
" 30 mutation by a single -targiejting event 1 or by -multiple - targeting 
; * events (e.g.V sequential replacement of individual exons) . One 
or more selectable markers, usually in the form of ^positive or 
v m ^negative sel^tion egression-cassettes, may be positioned in the 
2&.;x:- targeting ^construct replacement : fegion; it" is usually: preferred 
1: 35* that selectable^ markers are located :i ih : iritron v regions ^of -the 

heterologous replacement region. 
■=■•*■" \ ES cells harboring a heterologous Swedish mutation APP 
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gene, such as a replacement allele, may be selected in several 
ways. First, a selectable marker (e.g., neo, gpt, tk) may be 
linked to the heterologous Swedish mutation APP geije (e.g., in 
an intron or flanking sequence) in the targeting construct so 
5 that cells having a replacement allele may be selected for. Most 
usually, a heterologous APP gene targeting construct will 
comprise both a positive selection expression cassette and a 
negative selection expression cassette, so that homologously 
targeted cells can be selected for with a positive-negative 

10 selection scheme (Mansour et al. (1988) op.cit. . incorporated 
-herein by reference) . Generally, a positive selection expression 
cassette is positioned in an intron region of the heterologous 
Swedish mutation APP gene replacement region, while a negative 
selection expression cassette is positioned distal: to a homology ~ 

15 clamp, such that doublercrossover homologous recombination will 
result in the integration of the positive selection cassette and 
: the loss of the negative selection cassette. 

Targeting Constructs s 
20 Several gene targeting techniques have been described, 

including but not limited to: co-electroporation, "hit-and-run " , 
single-crossover integration, and double-crossover recombination 
(Bradley. et al. (1992) Bio /Technology in> *ia) The invention 
can be practiced using essentially any applicable homologous gene 
2 5 ; targeting strategy known in the art. The configuration of- a 
^ targeting construct depends upon, the specif ic targeting technique 
chosen. For example, targeting construct for single-crossover 
• Integration ; or ^hit-Md-xwi" , targeting ciieed ^only^liaye a single 
^^raoloOT;'gl^B.4inke4. tq-the ^^geting region^: whereas, a ? double- 
10 ^crossover , jcep^acement--typet : targeting ^construct r^juires ftwo 
homology clamps,; one r f lanking . each ; , side , of the .replacement 
*?v regipn. c , : ,oi : x^:;*-., - 

V" '£>:•„ :T* c P05 example and t ,nqt r ^im^ 

a /;. targetingj -construct - comprising, >-in^ f qr&erz, { ^) c ^a w first 
5 - homology, clamp . haying. a .sequence ^substantial^ tp e a 
sequence within about 3 kilobases ^ upstream , r (i. : e. ,. in the 
^-•direction opposite, to ..the trans lational reading frame of the 
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exons) of an exon of an endogenous APP gene, (2) a replacement 
region comprising a positive selection cassette having a pgk 
promoter driving transcription of a neo gene, (3'') a second 
homology clamp having a sequence substantially identical to a 
sequence within about 3 kiiobases downstream of said exon of said 
endogenous APP gene, and (4) a negative selection cassette, 
comprising a HSV tk promoter driving transcription of an HSV tk 
gene. Such a targeting construct is suitable for double- 
crossover replacement recombination which deletes a portion of 
the endogenous APP locus spanning said exon and replaces it with 
the replacement region having the positive selection cassette. 
If the deleted exon is essential for expression of a functional 
APP gene product, the resultant exon-depleted allele is 
functionally disrupted and is termed a null allele. 

^T^ii^etinicf^bbnstractfi of the invention comprise at least 
• one APP homology clamp linked in polynucleotide linkage (i.e., 
fay phosphodiester bonds) to la targeting region. Ahbmblogy clamp 
has a sequence whxch substantially corresponds to^ or is 
substantially complementary to, an endogenous APP gene Sequence 
of a nonhuman host animal , and may comprise sequences flanking 
'the APP gene. " ~ T ■* 

Although no lower or upper size boundiaries for 
recombinogenic homology clamps for gene targeting have been 
conclusively determined in the art , the best iabde ifbr homology 
clamps is believed to be in the range between about . 50 basepairs 
and several * tens " of kiiobases . r Corisequent ly , targeting 
constructs are generally* at" least about '50 ta iod nucleotides 
lbtig, ^preferabiy^at least abbuit 250 to 500 nucleotides long, more 
pr e ? f er abTy at: least " r al>out 1 1666 " %o 2 00 0° riiicf eot ides long , or 
longer'. ^ ^ Consl^ruct z homology regions (homology J clamps) ° are 
generally at 1 least about" 50 to 100 bases long, preferably at 
i'east'abbut 100 to 500 bases long/ 5 &nd more preferably at least 
"about" 750 1 to 2000' bases long. ? "it is^b'eiieVed* ^at^ homology 
regions of" about 7 to 1b 'ykilbBases' 1 Iii length are pr elferred, with 
one preferred embodiment having "a first homology region of about 
7 kilob^ises flanking "brie side of*" a fepiacement : region and a 
second homo logy" region of "about 1 kilobase flanking the other 
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side of said replacement region- The length of homology (i.e., 
substantial identity) for a homology region may be selected at 
the discretion of the practitioner on the basis of t£ie sequence 
composition and complexity of the endogenous APP gene target 
5 sequence (s) and guidance provided in the art (Hasty et al. (1991) 
Mol. Cell- Biol. 11: 5586; Shulman et al. (1990) Hoi. Cell, Biol. 
10 : 4466) . Targeting constructs have at least one homology 
region having a sequence that substantially corresponds to, or 
is substantially complementary to, an endogenous APP gene 

10 sequence (e.g., an exon sequence, an enhancer, a promoter, an 
intronic sequence, or a flanking sequence within about 3-20 kb 
of a APP gene). Such a targeting transgene homology region 
. .serves as a template for homologous pairing and recombination 
with substantially identical endogenous APP gene sequence (s) . 

15 In targeting constructs, such homology regions typically flank 

~ the replacement region, which is a :r region, of th<e targeting 
' construct that is to undergo replacement with the targeted 
endogenous APP g<ene sequence (Ber instein et ail . ( 19 92 ) Mol. Cell. 
Biol. 12 : 360). Thus, a segment of the targeting , construct 

20 flanked by homology regions can replace a sepent , of . .an 
endogenous APP gene sequence by double-crossover. 5 homologous 
recombination. Homology regions and targeting are linked 

together in conventional linear polynucleotide linkage ,(5'to 3 f - 
phosphodiest^^ ^.Targpting c 

25 ^double-stranded DNA mo lecules , most usually, linear ._^ t , ^ h . 

.Without,, wishing to be bound by any particular r theory 

of homologous jrecpmbination or gene conversion, it is_ ; bglieved 

that in. such a double-crossover replacement recombination, a 
first homologous, recombination^ (e.g. , strand exchange, strand 

30 pairing, strand scission, strand , ligation) r betwe<an_ a f first 
targeting construct, homology .region and a first endq^notus APP 
gene, sequence is accompanied, by a second homologous recombination 

between a second targeting construct homology region and, a ^second 

Voci.ofKc^ ^v":x:lc^ ?r ?j ' . pici .v'^c v'jizr ^s^ucx 

endogenous APP gene, sequence, thereby resulting in the portion 
35 of the targeting construct that was located between the two 
homology regions replacing the portion of^t^ gene 
that was located between the first and. second endogenous APP gene 
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sequences. For this reason, homology regions are generally used 
in the same orientation (i.e., the upstream direction is the same 
for each homology region of a transgene to avoid rearrangements) . 
Double-crossover replacement recombination thus can be used to 
5 delete a portion of an endogenous APP gene and concomitantly 
transfer a nonhomologous portion (e.g., a neo gene expression 
cassette) into the corresponding chromosomal location. Double- 
crossover recombination can also be used to add a nonhomologous 
portion into an endogenous APP gene without deleting endogenous 
10 chromosomal portions. However, double-crossover recombination 
can also be employed simply to delete a portion of an endogenous 
APP gene sequence without transferring a nonhomologous portion 
into the endogenous APP gene ( see Jasin et al. (1988) Genes 
r Devel. * 2.21353) . Upstream and/ or downstream from the 

15 hdrihomologous' portion may be a "gene which -provides for 
' identification- ; of "whether a t -double-crossover homologous 
; recombination has occurred; such a gene is' typically the HSV tic 
£ gene which may "be tised for negative sfeldct ion. 

Typically, targeting constructs of the invention are 
20 used for functionally disrupting 'endogenous APP genes and 
comprise at least two homology regions separated by a 
nonhomologous sequence which contains an expression cassette 
encoding a selectable marker, such as neo (Smith and Berg (1984) 
Cold SpriiKr Harbor Svmp: Quant. Biolir x 49 ; 171; Sedivy and Sharp 
25" (1989) Proc. : Natl. Acad. Sci." fU.S.A.V 86: 227; ihomas and 
Capecchi (19 87 ) sl op c i t A \ However; sbmie tairgeting trahsgenes of 



the invention may have the homology region (s) flanking only one 
side of a nonhomologous sequence. Targeting trahsgenes of the 
* ' invention may' also be of the type ref erred to in the art as "hit- 
30 and-run w or w in-and-out" trahsgenes ° £ (ValandIu£ and Smithies 



( 1991 V Mor. Ceil . Bior. 11 ; "1402; 'Doriehower et "41. (1992) Nature 
!l§6V *215V (i§9l) ^ J^NIH Res. 3: 159 ; Wlvicfr aire incorporated herein 
by reference) . 



: i-jyas i > * ^j^^pg s i^|;^e r selection expression ^"cassette^' encodes a 
w 35* selectable marker which affords a means for' selecting cells which 
have integrated targeting transgene' ^ se^uenbes spanning the 
positive selection expression cassette.* The negative selection 
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expression cassette encodes a selectable marker which affords a 
means for selecting cells which do not have an integrated copy 
of the negative selection expression cassette. / Thus r by a 
combination positive-negative selection protocol, it is possible 
5 to select cells that have undergone homologous replacement 
recombination and incorporated the portion of the transgene 
between the homology regions (i.e., the replacement region) into 
a chromosomal location by selecting for the presence of the 
positive marker and for the absence of the negative marker. 

10 Preferred expression cassettes for inclusipn in the 

targeting constructs of the invention encode and express a 
selectable drug resistance marker and/or a HSV thymidine kinase 
enzyme. Suitable 4rug resistance genes include , ,f or example: gpt 
(xanthine-guanine phosphor ibosylt^arisf erase) , which , can be 

15 selected : fpr with u mycophenolic , \»pl&s^ 7 ^ si neo ^, (neomycin 
phosphotransferase) , . which can be . selected , for with G418 or 
hygromycin; and DFHR. (dihydrof olate reductase) , .which pan be 
selected for with methotrexate (Mulligan and Berg, J19JB1) Proc. 
Natl. Acad. Sci. fU. S.A.I 78 ; 2072: Southern and Berg (1982) 

20 Mol. Appl. Genet. 1: 327; which are incorporated herein, by 
reference). v . t _.„ r 

Selection for correctly targeted ^recombinants will 
, generally employ^ at least positive selection, , wherein a: 
;: npiApmplogous ^.expression cassette . encodes and expresses a 

25 ^ functional protein A ( e.g. , neo or gpt) tha^t .confers a s^ieqtable 
^henotype to jtargeted cell^ 

expression cassette, so that, by addition of a selection, agent 
(e.g.. G418 or mycophenolic acid) such, targeted cells have a 

. T growth or„ survival advantage over cells which do , not have an 

S-.- spy «x <w x^xxslt'i jro ad: o^is ncz^^vax 

30 integrated expression cassette. „ . . Hl , 

CPP It is ^pref^rable that selection fpr^.correctl^ targeted 
homologous recombinants also employ negative, selection* so that 
^cells bearing only nonhomologouis integration of the ; transgene are 
. selected against. „ Typically, such negative selection employs an 
, 35 expression cassette encoding the herpes simplex virus thymidine 
kinase gene (HSV t)c) positioned in the transgene so that it 
should integrate only by nonhomologous recombination. Such 
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positioning generally is accomplished by linking the HSV tk 
expression cassette (or other negative selection cassette) distal 
to the recombinogenic homology regions so that double-crossover 
replacement recombination of the homology regions transfers the 
5 positive selection expression cassette to a chromosomal location 
but does not transfer the HSV tk gene (or other negative 
selection cassette) to a chromosomal location. A 'nucleoside 
analog, gancyclovir, which is preferentially toxic to cells 
expressing HSV tk, can be used as the negative selection agent, 
10 as it selects for cells which do not have an integrated HSV tk 
expression cassette. FIAU may also be used as a selective agent 
to select for cells lacking HSV tk. *" 

In order to reduce the background of cells having 
incorrectly* integrated targeting construct sequences, a 
15 combination positive-negative selection scheme is typically used 
: -. (Mansour et -al. (1988) op.cit. . incorporated herein by 
ref ereiice) . * - ' s-- .. 

Generally, ^ targeting constructs -of the invention 
preferably "include: (1) a positive selection expression cassette 
20 flanked by two homology regions that are substantially identical 
to host cell endogenous APP gene sequences , and (2) a distal 
negative selection expression cassette. However, targeting 
- constructs which include only a positive selection expression 
cassette can also be used.' Typically, a targeting construct will 
25 contain positive selection expression cassette 1 which includes 
*a neo gene linked downstream (i.e. > towards the carbbxy-terminus 
of the encoded polypeptide in trahslational reading frame 
orientation j i^df % "promoted such as the HSV tk prombter or the pgk 
^ prdfcoter^ r Mofe "typically, the' targeting transgene will also 
30" -contain 1 negative 'selectipn ; expression 3 cassette which includes 
an HSV tk^ene J iinked downstream of a HSV tk> promoter. 

^viu vs^r?^' ^prefdrre^- that ^ targeting ^constructs of the 
; *inventi6n hav^hbibldgy regions that are-highly~ homologous to the 
-^prede^ < 7 DNA sequence (s) , preferably 

35 : r iWgenic or (i.S?f ^identical sequence)'-^ I sogehiSIor nearly isogenic 
^secfu^nces may be obtained by genomic cloning or high-f idelity PCR 
^amplification of genomic DNA from the strain of nonhuman animals 
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which are the source of the ES cells used in the gene targeting 
procedure. 

To disrupt the murine APP gene, a targeting construct 
based on the design employed by Jaenisch and co-workers 
5 (Zjilstra, et al. (1989) op.cit. ) for the successful disruption 
of the mouse /S2 -microglobulin gene can be used. The neomycin 
resistance gene (neo) , from the plasmid pMClNEO is iriserted into 
the coding region of the target APP gene. The pMClNEO insert 
uses a hybrid viral promoter/ enhancer sequence to drive neo 
10 expression. This promoter is active in embryonic stem cells. 
Therefore , neo can be used as a selectable marker for integration 
of the knock-out construct. The HSV thymidine kinase £tk) gene 
is added to the end of the construct as a negative selection 
marker against random insertion events (Zjilstra, et al.,~ 

v v . ■ : Vectors containing a tar^ting; construct ; are, typically 

grown in E. coli and then isolated using standard molecular 
biology methods, or may be ^synthesized as ; oligonucleotides. 
. Direct targeted inactivation which does not require prokaryotic 
20. or eukaryotic vectors may also be done. Targeting transgenes can 
, be transferred to host cells by any suitable technique, including 
microinjection, electroporation, lipof ection, biolistics, calcium 
phosphate precipitation , and , viral-based vectors , among others ^ 
Other methocis used to transform mammalian cells include the use 
, v 25 . of Pplybren^, ^protoplast fusion, and others ( see , generally r 
- 5 ^Sambrpqk^el^ ; .A .Lal^ratory;, Mamu^l # : .^2d ;ed. , 

,1989, rCold Spring Harbor Lab^^ Spring Harbor, 

• N*,X •// iVhich; is incorporated , w * 

j ; x x* v -A^-,c--- £:?pr faking -transgenic : n<^-htui^n^apimals , (whidi^include 
a& ; ;3 Oj v homologous ly^ tcurgetecb ,np^-hxman ^ winals) # ^Bibrypnal. stem cells 
(ES cells) y r are preferred., purine. ES; : cell^ such ^as ABrl line 
gro*m- : on/tti^ Sj^7.6/7 qeir feeder layers (McMahon 

v>- ^3^o^^^^L&i^^9)j: Cell 6£ : ; ,,1^ 
v~ ^Robe^qn,^ (1987) in . Teratocarcinomas and Embryonic Stem 
» — 35 ~> Cells; A ^Practical* Approach . E.JT., Robertson, ;ed.i, ..(Oxford i-^ JRL 
. Press) , v p; ,;71~1 12 ) i may be used for^ ^homologous gene, .targeting. 
: Other suitable ES lines include, but are not limited teethe E14 



WO 95/11968 



PCT/DS94/11827 



39 

line (Hooper et al. (1987) Nature 326 : 292-295) , the D3 line 
(Doetschman et al. (1985) J. Embrvol. Exp. Morph, 87 ; 27-45), and 
the CCE line (Robertson et al. (1986) Nature 323: 445'-448) . The 
success of generating a mouse line from ES cells bearing a 
5 specific targeted mutation depends on the pluripotence of the ES 
cells (i.e., their ability, once injected into a host blastocyst, 
to participate in embryogenesis and contribute to the germ cells 
of the resulting animal). The blastocysts containing the 
injected ES cells are allowed to develop in the uteri of 

10 pseudopregnant nonhuman females and are born as chimeric mice. 
The resultant transgenic mice are chimeric for cells having 
inactivated endogenous APP loci and are backcrossed and screened 
for the presence of the correctly targeted transgene(s) by PCR 
or Southern blot analysis on tail "biopsy DNA of offspring so as 

15* to identify transgenic mice heterozygous f or the i inactivated^APP 
locus. By peirf orming "ttfie appropriate crosses, it is possible to 
produce a transgenic nonhuman animal homozygous for functionally 
^ disrupted API* aleles, and optionally also harboring a transgene 
encoding a heterologous APP polypeptide comprising the' Swedish 

20 mutation. Such transgenic animais are substantially incapable 
of making an endogenous APP gene product but express the Swedish 
"mutation heterologous APP. 

Commercial Research and Screening Uses ^ 
25 Nonhuman animals comprising transgenes which encode 

Swedish mutation APP (and thus Swedish mutation A/3) , can be used 

commercially to screen for agents having the effect of lowering 

>^r;.4T; c-f- -''^v\^/rb \ ; u*x-' .'.-.v-j".*-- ^r;.c*: --. * -. v ;? &d 

A0 production and/ or accumulation. Such agents can be developed 
.3 br-s.? rioin\* ^••■^irJTl&orstmsz* *%i-x>ji\ *5h^d;.^* 'sincere .ns 

as pharmaceuticals for treating abnormal APP processing and/or 

30 Alzheimer's disease, amongst other neurodegenerative conditions. 

>"-*z>k< J'ltv r& ue,v " \j:r*un.~ : rcc^l si;^^:^-- ' " 

For example, the pS3 knockout mice of Donehbwer et al. (1992) 

Nature 356 : 215 have found wide acceptance as commercial products 

t-cu .^2. ( L-a^iV^;: v*;-: r^i^c^, . \ ; j rfe " sane** 

for carcinogen screening £nd the like. The transgenic animals 

lo^_; • y.c? ?n.£ £ p . .:r?-yr" , ■ v ' bsr-ui ■'" 

of the present invention exhibit abnormal APP processing and 

35 expression,* and can be used for pharmaceutical screening and as 

disease models for neurodegenerative diseases * and APP 

biochemistry. Such animals have many uses, including but not 
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limited to identifying compounds that effect or affect A0 
processing; in one variation, the agents are thereby identified 
as, candidate pharmaceutical agents. The transgenic animals can 
III also be used to develop agents that modulate APP (or A0) 

5 expression and/ or stability; such agents can serve as therapeutic 
agents to treat neurodegenerative diseases. The knockout 
animals of the invention can also serve as disease 'models for 
investigating APP-related pathological conditions (e.g. ; 
Alzheimer's disease and the like). Such transgenic animals can 
10 be commercially marketed to researchers, among other uses. 
Antibodies for Swedish Mutation APP 

Using APP polypeptides comprising the Swedish mutation-, 
it is then possible to prepare antisera and monoclonal antibodies 
.using, for example, the method of Kohler and Milstein ( (1975) 
15 Nature 256 ; 495) . .Siaqh^monocloi\al could then form the 

~ basis. of t ,a diagnostic test f or the presence of the Swedish 
v ^ .mutation,, among . other uses • • . , „ . v , t ^ , 

^ . Swedish mutation APP polypeptides may be used to 
SB immunize an animal .for the production of specif ic antibodies. 

20 These antibodies may comprise a polyclonal antiserum or may 
comprise a monoclonal antibody produced by hybridoma cells. For 
general methods to prepare antibodies, see Antibodies: A 
Laboratory Manual , (1988) E. Harlow and D. Lane, Cold Springs 
Harbor Laboratory, Cold Spring Harbor, NY, which is incorporated 
25 herein by reference. T " . 

For example but not for limitation, a recombinant ly 
produced fragment of the Swedish mutation APP** 33 polypeptide can 
^ J be injected into a mouse along with ah^adjuvah^ generate 
an immune response. Murine immunoglobulins which bind the 
3Q recombinant fragment with a binding affinity: of at least 1 x 10 7 
M can be harvested from the immunized mouse as an antiserum, 
and may be further purified by affinity chromatography or other 

^means. Additionally, spleen cells are harvested from the mouse 

al^sk^m* vias^snsi^' *?c=T ,;JL -qa; Tr-r-.r.-* ^ iisnorrio-y ":C"r 

and fused to myeloma cells to produce a Bank of antibody- 
ortB prtxeaeoo^cf l5^jt^nrfo rr^/ry^ nox:^^/;</ ires&crjcr xo 

35 secreting hybridoma cells. The bank of hybridomas can be 

screened for clones that secrete immunoglobulins which bind the 

recombinantly produced fragment with an affinity of at least 1 
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x 10 6 M" 1 . More specifically, immunoglobulins that bind to the 
Swedish mutation APP polypeptide but have limited crossreactivity 
with a wild-type APP polypeptide are selected, either by 
preabsorption with wild-type APP or by screening of hybridoma 
5 cell lines for specific idiotypes that preferentially bind the 
Swedish mutation variant as compared to the wild-type. 

The following examples are provided for illustration 
and are not intended to limit the invention to the specific 
example provided. 
10 EXPERIMENTAL EXAMPLES 

Antibody 6C6 recognizes an epitope within residues 1-16 of 
0AP. 

15 Transgenic Mice Expresssina Swedish Mutation APP - 

Transgenic mice were generated using the plasmids shown 
^ in Fig. 1 (NSEAPPsw and NSEAPPswa3 1 ) These plasmids contain the 
751 form of 0APP containing the Swedish mutation (KM to NL at 
position 595 and 596 of the 695 form). The neural-specif ic 

20 enolase promoter drives expression and provides a splice 
sequence. The rat NSE promoter and splice sequences were derived 
from pNSE6 (Forss-Petter et al. (1990) Neuron 5: 187); This 
vector contains the 4.2 kb Bglll fragment of the rat NSE promoter- 
region (starting from the upstream Bglir site and continuing to 

25 the Bglll site in the second intron) "cloned intb %he BamHI site 
of the vector pSP65 "(Promega) . The vector-derived Xbal site at 
the 5 • end of : the x promoter used and c the NSE ; translation 
{ init:iating ATG ; contained withirr the Second intron ; was "fused to 
the /JAPP-initiatirig ^TC.''^ v :: ^ - ; ' — - 

30 N^EAPPsW' also contains a splice" sequence from SV40 in 

'the 3 % region of the' gene/' 'This splice sequence was derived from 
r 'the Okayama/Berg vectotpLi; and is a fuisiori of the late 16s and 

i *■■ X9s 'nfesjsage 'spliW^ secfuencesv n Polyadenylation is provided by 
SV40 sequences. ~ ~ l " — 

^35 ^ ^ ' - Transgenic mice 'incorporating -these plasm id sequences 
were generated using" "standard techniques. " The * Noti fragment 
* " * w containin£ the above described* expression" cassette* was purified 
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and injected into eggs obtained from a C57B1/DBA hybrid mouse. 
The eggs were implanted into pseudopregnant mice and the 
offspring were screened for expression of human /?APP by analysis 
of their Fl transgenic offspring* Brains from the Fl animals 
5 were homogenized with a handheld homogenizer (Polytron PT122B, 
Kinematica AG) either in SDS buffer (2% SDS, 20mM Tris, pH 8*0, 
150 mM NaCl, 10 mM EDTA) or homogenized in NP-40 buffer (1% NP40, 
50 mM Tris, pH 7.5, 10 mM EDTA, and a cocktail of protease 
inhibitors containing 5-10 /xg/ml leupeptin, 2-4 /zg/ml 

10 Pepstatin A, 5-10 fig/ml Aprotipin, and 1-2 mM PMSF) . The SDS 
lysates were loaded directly onto gels for Western analysis. The 
NP40 homogenates were spun at 44,000 rpm for 10 minutes in a 
Beckman ultracentrifuge (T1100.3 rotor) and the supernatants were 
loaded onto gels for Western analysis. The Western analysis was 

15 done by standard procedures utilizing either anti-5 ; (0.4 /ig/ml) 
or 8E5 (5 /xg/ml) antibodies to detect the human specif ic /?APP. 
Those lines expressing relatively high levels of /?APP wer,e chosen 
v. for . further - ; analysis .... > This .included the lines Hillary 14, 
Chelsea 32 and Chelsea 58. The experiments described were done 

20 on heterozygote animals of these lines derived by breeding 
transgene- containing animals with wildtype animals and screening 
the offspring for presence of the transgene. Similarly, 
homozygous animals from a selected number of lines can be used^ 
: -s Soluble fractions of transgenic animal brains were 

25 ■; probed for the - presence of the "92" form of the secreted APP 
; (Fig. 2) This form is produced as a byproduct, of, the. production 

^ r 5 of. 0AP and i^ibition of. the production of ^this form, in ^cultured 

* .cells accompanies, inhibition of f the cleavage of .the N- terminal 
end of /SAP, the site cleaved by 0-secretase. t ^..s 

-w,. (V ....... ...^ >~ r 4\i/\x\ sti-J 

3( W , ^ Brains ^from transgenic .(Swedish- Hillary 14) or non- 

. transgenic ,iaice .were homogenized in 50 mM Tris,, 10 mM EDTA plus 
the^aboye ; described protease inhibitor , cocktail and^centrifuged 
>r at 5 ( 5K .rpm f or 10 ^min r as described above. r _The, supernatant was 
analyzed by Western utilizing the Swedish M 192 f \^antibpdy that 
35 rr ,^ , the S|? c ^^ed^ f prm - of ^APP,^ produced by .0- 

. secretase. For .Western analysis ^oteins were separated pn a 6% 
rf SDS, t PAGE _ gel,, (f rom,Noyex) .apd^ th^n. transferred to immobilonP by 
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standard techniques. The filter was incubated with 2. /xg/ml of 
the Swedish w 192 w antibody again using standard techniques and 
the bound antibody visualized using the AmershamECL kit. As 
shown in Fig. 2, lane 3, there was robustly detectable "92" 
5 reactive material in the supernatant from the transgenic animal. 
The non-transgenic animal brain homogenate contained a low amount 
immunoreactive material that is slightly faster in mobility on 
the gel than the material specific to the transgenic animal 
(lane 1) . This material is probably not related to 0APP since 

10 it does not hybridize with other 0APP antibodies (e.g. , anti-5) . 

In tissue culture systems , the Swedish 192 antibody 
(infra) does not crossreact with secreted 0APP that is cleaved 
at the alpha-secretase site at position 17 in the middle of the 
0-peptide sequence. To prove that this is also true in the brain 

15 ' homogenates,' brain homogenates were depleted of the longer 
.secreted 0APP forms using resin bound to 6C6 antibody , which is 
specif ic for the first 16 amino acids of the /SAP , and therefore 
reacts with alpha-secretase cleaved secreted 0APP but hot with 
the shorter /S^seeretase cleaved secreted /?APP. Resin was 

20 produced by using Actigel-ALS coupled in suspension as described 
by the manufacturer (Sterogene) An excess of resin-antibody was 
incubated with the brain homogenates from animals either 
containing or ^dt containing the transgene for an initial 
incubation of 3 hours at 4°C with shaking , and bound and unbound 

25 material was separated by centrif ligation at 14,000 rpm f or 1 min. 
The supernatant ; was again incubated with an excess of 6G6 coupled 
resin for i6"hiburs at 4 °C, and again centrif uged to separate the 
unbound " materials "" Materiar 'that J bound during" th6 first 

* inctibatiorr ^ ^aiid ^matierial that did 5 hot bind "to the 6C6 coupled 
- >3Q resin were" ; Vnalyzed^by Western utilizing r anti-5 • and' SWedish 192 
antibodies (Fig. 3) ^ Homogenates from transgenic (+) or non- 
* J ' transgenic r f- )~ m^ 8E5T(panel A) or Swedish 192 

e (pariel Bj . ^ Lafnes i refer~~to : total homdgehate>- lanes 2 to the 
^■fraction "ifh'at did hot bind to the C 6C6* res inland lanes ^3 refer to 

35 r ihe fraction tKat bound to the ^6C6 coupled resin: T None" of" - the 
boiind 0APP, identified by its reactivity 'to anti-5 'antibody, 
crossreacted with the Swedish i"9'2 antibody^ Unbound material, 
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identified by reactivity to anti-5, reacted with the Swedish 192 
antibody.* 

This demonstrates that the Swedish mutation transgenic 
Iff mouse provides a viable animal model for screening for direct or 

5 indirect inhibitors of 0-secretase activity, or for drugs that 
modulate 0-secretase activity* Such agents may be developed as 
pharmaceuticals for treating diseases associates with abnormal 
APP expression and/or metabolism (e.g., Alzheimer f s disease). 

10 

• Antibodies Specifically Reactive wih Swedish Mutation APP 

Monoclonal antibody 6C6 was raised and screened in the 
same manner as antibody 10D5 (Hyman et al. (1992) J. Neuropath. 
Exp. Neurol. 51 : 76) using a synthetic peptide containing /SAP 
,15 Residues 1-28 conjugated to rabbit serum albumin as ;the 
* immunogen. ; Both 10D5 and 6C6 recognize an .epitope within the 
first 16 amino acids of the £AP sequence. 6C6 was more efficient 
than 10D5 in^ immunoprecipitation and was used as a capture 
$58 antibody. To prepare 6C6 resin, 4 mis of Affigel«10 (Bio-Rad 

20 Laboratories, Hercules, CA) was washed , with cold water and 
combined with 3 mis of 6C6 (12.5mg/ml in PBS (2.7 mM KC1, 1.5 mM 
KH 2 P0 4 , 8.1 mM Na 2 HP0 4 , 137 mM NaCl,. pH 7.5) 0.5 M NaCl. The 
j coupling proceeded overnight at 4°C with gentle shaking. AOOftlr 
, n of 1M Tris, pH 8.0* was then added, and shaking was continued for 
: 25 40 minutes. The ; resin was then gashed with TTBS (137 mM NaCl, 
^S^mM KCl, 25 mM ttis, 0.5%^ ^ 
^ r iise. . Antibody v 7H5., :i is - also described in H Hym?tn et al. (1992), 
^ ; supra. ; Anti-5 ant ibodies w^re^aised agains^JfAPP 444-:592. 
. y r ; c; - : A*** i^9^ e ?c (4 e signated antibody 9 2) ; were raised against 
ei 30 ^|a synt^ including Residues ^91-59 f of JAPP (as 

numbered In Kang et al. - u (1987) , supra) r The peptide (Nrracetyl- 
, ^ CISEVKM) t was conjugated to rabbit seruju albumin which *had been 
; >i? riz activated with sulf^ p-maleimido benzoyl-N-hydroxysuccinimide ester 
o.t lit^to ^orm an immunogen.^-J^tiser were raised * against v the-,i 
;j35,. in rabbits- by standard methodologies. During eaclr inoculation, 
; rabbits , ^received, - ,5 /xg of immunogen in , 0 . 1 , ml injections 
... . subcutaneous ly at approximately L 10 sites (50/ig/bopst) . .The same 
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peptide was coupled to Sulfo-link™ gel (Pierce Chemical Co* , 
Rockford, IL) for the affinity purification of antibodies from 
the IgG fraction. > 

A more detailed description of the antibody 92 
5 preparation is as follows. Rabbit serum albumin (12.3 mg) was 
incubated with 13 mg of sulf o-maleimido benzoyl-N- 
hydroxysuccinimide ester in 1.25 mis of 0.05 M KH 2 P0 4 , pH 7.0 for 
20 minutes at 0°C. The mixture was then immediately subjected 
to gel filtration on a 1 x 75 cm column of Sephadex G-10 
10 equilibrated with the phosphate buffer. The protein eluant in 
the excluded volume was pooled and immediately combined with 30 
mg of N-acetyl-CISEVKM peptide which was synthesized by standard 
automated solid phase methodologies. The coupling reaction (20 
ml 'volume) was allowed to proceed overnight and was then sent to 
15 a commercial "facility for antibody generation. The iiijection 
.protocol was to emulsify the antigen in an equal volume of 
Freurid's complete adjuvant and subcutaneous ly inject a total of 
50 ng of antigen in 0.1 ml aliquots in 'approximately lb sites. 
Every three weeks thereafter , a booster injection was given by 
20 an identical protocol except Freund • s incomplete adjuvant was 
used as the emulsifier. Rabbits were bled one week following 
each injection and the serum examined for titer by reaction to 
peptide in ELISA. The IgG was purified from the positive 
reacting sera by precipitation with 50% (NH 4 )2S0 4 , (2 x^s) and 
25 dialyzed against PBS. The N-acetyl-CISEVKM peptide was 
conjugated to Suifo-link™ gel (Pierce Chemical Co. , Rockford, IL) 
using the manufacturer^ recommendations tb generate an affinity 
resin to purify the peptide specific antibodies. The IaG 
fraction was applied to the column and, after washing through 
30 non-specifically bound material with PBS, the antibodies were 
eluted with 6.1 M~ glycine pH 2.5 0. 5 M NaCl and "then dialyzed vs 
PBS before" freezing. " " lv " 

Swedish 192 antibody was raised against a synthetic 
peptide composed of residues 590-596 of the Swedish jSAPP 
35 sequence. In addition to the 0APP sequence^ two glycines and a 
cysteine Were added as a spacer and a linker giving the f ollowing 
sequence: CGGEISEVNL. The c * peptide was conjugated to a 
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commercially available maleimide activated cationized Bovine 
Serum Albumin (Pierce Imject Supercarrier Immune Modulator , 
hereafter referred to as cBSA.) Antiserum was raised by following 
the injection schedule described above for antibody 92. 
5 Antibody Swedish 192 was raised against a synthetic peptide 
composed of residues 590-596 of the Swedish 0APP sequence. In 
addition to the 0APP sequence two glycines and a cysteine were 
added as a spacer and a linker giving the following sequence: 
CGGEISEVNK. The peptide was conjugated to a commercially 

10 .available maleimide activated cationized Bovine Serum Albumin 
(Pierce Imject Supercarrier immune Modulator, hereafter referred 
to as cBSA.) Antiserum was raised by following- a -standard 
injection schedule. 

In general, cBSA was resuspended in deionized water to" 

15 a concentration of 10 mg/ml. An equal milligncram amount of 
peptide was added to the carrier and mixed for four hours at room 
temperature. The con^ 

Dulbecco 1 s Phosphate Buffered Saline without calcium and 
magnesium. / 

20 The conjugate was compared to the starting cBSA on a 

6% Novex pre-poured Tris-glycine gel. Successful conjugation was 
indicated by a visible shift to a higher molecular weight. 

Conditioned medium from 293 kidney cells, which have 
been stably^ trans feet ed to over express the Swedish /SAPP protein, 

25 was collected. . One milliliter aliquots were added r to either 
TlOO fil of iinmobilized 6C6-affinity resin ^ 100 of heparin 
agarose (Sigma) . The reaction with the 6C6 resin was for 5 hours 
" at 4°C; the heparin-agarose was reacted for 30 minutes at 4°c. 

After incubation, the resins were washed with TTBS and then 100/xl 

30 of 2 X SDS-PAGE sample buffer were added to each sample, .the 
samples were boiled (5 minutes) and briefly centr if ugred. f Twenty 
al of toe samples were loaded onto 6% SDS-polyacrylamide gels and 

- electrophoresed . The proteins were transferred to ProBlot® 

-/- v'-Tv^ s : v ^r;sps- i-ss/.'.'.: v?:>otr~ '?: /-\bjl^Z 

membranes as described above. The samples were probed wxth the 

35 following antibodies: 6C6, Swedish 192, or 8E5 (a monoclonal 

* -">r : ., -v..'-. -v: i. . ;.-J ■ :: - . \-- 

antibody which recognizes an epitope of /3APP in the region of 

•: •±'i:21'c^ • - v: y^-iii, _ r ,o: i^r-,- .3 : ■ r; . :* 

amino acids 444-592, using the numbering of the 695 form.) All 
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antibodies were used at 2 fig/ml during the probing of the 
immunoblot. The visualization of immunoreactive material was 
achieved using the Amersham ECL® system according to the 
manufacturer's recommendations. Blocking and antibody dilutions 
were made using 5% non-fat dry milk (Carnation) in TTBS. 

Fig. 4 shows an immunoblot demonstrating specificity 
of the Swedish 192 antibody. Lanes 1, 3, 5 contain material 
eluted from heparin agarose. Lanes 2, 4, 6 contain material 
eluted from the 6C6 resin. Lanes 1 and 2 were probed with 
antibody 8E5; Lanes 3 and 4 were probed with the Swedish 192 
antibody; Lanes 5 and 6 were probed with antibody 6C6. 

As can be seen in Figure 4, lane 4, the Swedish 192 
antibody does not appreciably recognize the 6C6 'reactive form of 
0APP despite the fact that more total 0APP is present in lane 4 
^compared to lane 3 (compare lanes 1 and 2). The lack of 
. Reactivity with 0APP forms containing the partial 0AP sequence 
(6C6-reactive) suggests the Swedish 192 antibody recognizes /JAPP 
cleaved at or near the" amiho-teinnirms' of A£. 

The foregoing description of the preferred embodiments 
of the present invention has been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed, and many modifications and variations are possible in 
light of the above teaching. 1 ^ 

Such modif ications and variations which may be apparent 
to a person skilled in the art are intended to be within the 
scope of ^is invention^ > ^ n , 

Air publications and ^ f patent applications herein are 
incorpbr ated by x ref erence* " l t:o the & same Extent *ks r if each 
individual ^tolic^^ specifically and 

individually indicated to be incorporated 1 by" reference. ^ 
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CLAIMS 

1. A transgenic nonhuman animal or stem cell 
comprising a diploid genome comprising a transgene encoding a 
heterologous APP polypeptide comprising the Swedish mutation 

5 wherein the amino acid residues at positions corresponding to 
positions 595 and 596 in human APP 695 are asparagine and leucine, 
/ respectively. 

2. A transgenic nonhuman animal of claim 1, wherein 
10 the animal is murine. 

3. A transgenic nonhuman animal of claim. 2 ^wherein, 
the transgene comprises pNSEAPPswA3 1 or pNSEAPPsw. 

15 4. t ,A, transgenic nonhuman animal of claim 3 , wherein 

~ the„ transgene is nonhomologously integrated. 

5. A transgenic nonhuman animal of claim 3, wherein 
* said transgenic nonhuman animal expresses a human APP polypeptide 

20 : comprising the Swedish mutation. 

6. A transgenic nonhuman animal of claim 1, wherein 

; the. heterologous APP polypeptide s comprising the Swedish mutation- 
is expressed under the transcriptional , qontrcrl of a , neural- 

.,^25 t: ^s5ecific;, enolase promoter. r ^ r „ 



7. A transgene comprising a polynucleotide encoding 
a a, human _APP, polypeptide comprising . the„ Swedish mutation 
operably, linked to a transcription control element capable of 
_ 3 0 : producing, transcription ^ pf^ the human APP^ polypeptide in a host 
transgenic^animaL.^ ^..^^.^ f .„ r . ? lt>r ^ , r r t 

- s. A transgene of claim 7, wherein the transcription 

control element is rat neural-specific enolase promoter. 

35 

9. A transgene of claim 8, wherein the transgene 
comprises pNSEAPPswA3 f or pNSEAPPsw. 
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